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ABSTRACT 
Three major apects of the biology of Mytilocypris 
henricae (Chapman ) are studied experimentally 
determined salinity tolerance and preference, the 
effects of 
postembryonal 
temperature 
ontogeny 
and salinity 
and growth 
on 
and 
the 
the 
population structure and dynamics of this species in 
Lake Bathurst (N.S.W.). Some notes on the effects of 
various factors upon hatching of eggs of this species 
are also added. 
Both temperature and salinity have a significant 
effect on survival of adults in direct transfer 
experiments, but there is no significant interaction 
between temperature and salinity. Similar 
experiments with stage 7 and 8 larvae prove that the 
upper tolerance limit of stage 7 larvae is much 
lower, while stage 8 larvae seem to react in a 
similar way as adults. 
M.henricae has 8 larval and 1 adult stage, as is 
usually the case in Cypridinae. A linear growth 
model is proposed and the implications on the 
interaction between Intermoult Period and Moult 
Increment are discussed. Temperature has a highly 
9 
significant effect on the size (length, height) of 
the different larval stages, whereas the effect of 
salinity is not significant. However, both 
temperature and salinity have a highly significant 
effect on the shape of the shell (e.g. the length-
height ratio). 
The population of M. henricae in Lake Bathurst 
exhibited a continuous recruitment all 
were present in the samples throughout 
lifestages 
the year. 
There are three successive generations per year. Egg 
hatching in the lake seems to be more temperature-
dependant then is egg production. 
Salinity significantly affects egg hatching, although 
it appears that temperature is the major regulating 
factor. Orange eggs take longer to hatch than yellow 
eggs and might therefore be considered resting eggs. 
A review on the seasonal distribution of non-marine 
ostracods is given and a new classification of the 
different strategies is proposed. 
10 
Chapter 
INTRODUCTION 
1 1 
1.1. LAKE BATHURST 
Lake Bathurst is situated in New South Wales, 75 km 
NE of Canberra. It is a slightly saline lake with a 
surface approximately 4.4 x 1.5 km. In years of 
normal rainfall, depth of the lake does not exceed 3 
met~e. Wide submerged littoral fringes of the 
halophytes Ruppia megacarpa and Lepilaena 
cylindrocarpa (Chivas et al, in press) form the main 
habitat for the ostracod Mytilocypris henricae. 
Myriophyllum sp. occurs in low numbers. 
Although the catchment area of the lake is relatively 
small and no inflow from permanent creeks or springs 
is known to occur, Lake Bathurst was the only lake 
which retained water in that region at the maximum of 
the drought during the summer of 1982-1983. The 
absence of inflow both from water in the surface 
(other than superficial runoff from the catchment 
area) and from groundwater, relates concentration of 
solutes (see below) to rainfall and evaporation 
(Hutchinson 1957). 
Few invertebrate species were recorded from Lake 
Bathurst one unidentified species each of 
Harpacticoida, Cladocera (Chydoridae), Cyclopoida and 
Calanoida plus 2 Rotifera, 3 Hemiptera and over 5 
species of Odonata were recorded. Other ostracod 
12 
species recorded from Lake Bathurst are Limnocythere 
dorsosicula, Sarscypridopsis 
Candonocypris novaezelandiae (De 
aculeata 
Deckker, 
and 
pers. 
comm.). However, these species disappeared after 
September 1982 when salinity rose. 
No fish were found, although they were supposedly 
introduced a number of years earlier. The common 
long-necked tortoise (Chelodina longicollis) was also 
found to breed in Lake Bathurst, as one immature 
animal was collected on 26.10.1982. This is a rather 
s i:Jnifica.~t observation, because this species is mostly 
found in freshwater (Weavers, pers.comm.). 
Samples from this lake were always taken from the 
same station, near borehole 669-02 of the Bureau of 
Mineral Resources (Canberra). They are deposited in 
the Museum of the Department of Zoology, The 
Australian National University, Canberra. 
1.2. Mytilocypris henricae (Chapman) 
The tribe Mytilocypridinidae (family Cyprididae) 
comprises three genera which 
Australia Australocypris, 
Mytilocypris (De Deckker 1978). 
are endemic 
Trigonocypris 
to 
and 
All ostracods, 
belonging to this tribe, are very large (an average 
13 
size of 2-4 mm) and can mostly be found in slightly 
to highly saline waters. Mytilocypris henricae was 
described as Eucypris henricae by Chapman (1966) from 
South Australia and was transferred to the genus 
Mytilocypris by McKenzie & Pollard (1966). 
M. henricae occurs in slightly saline lakes (see 
chapter 2) , where it lives (Jjtlofljst halophytes. The 
species produces two types of eggs that can easily be 
distinguished from one another by their colour 
yellow and orange. These eggs are laid in mixed 
clutches among the halophyte stand in lakes. In Lake 
Bathurst the eggs are deposited in hollow stems and 
leaves of Ruppia plants. Both males and females are 
always present. 
1.3. AIMS OF THE PRESENT STUDY 
No monographic studies on the biology of an ostracod 
from Australian athalassic saline lakes have been 
published. The knowledge of the ecology of 
Australian ostracods as a whole is generally very 
poor. 
........ 
The present research focus,es on three main topics 
'--
14 
1. Salinity tolerance of adults and the effect of 
temperature upon it. 
2. Effects of salinity and temperature on the 
postembryonal ontogeny of M.henricae, mainly on the 
growth of this species. 
3. Populationstructure and dynamics of this species 
in Lake Bathurst (NSW) over a 2.5 years period. 
Some aspects of egg hatching in this species are also 
investigated and discussed. 
1.4. THE CONCEPT OF SALINITY 
Various definitions of "salinity" and "brackish 
water" exist in the literature (De Deckker 1981). In 
the present work, the term "a.ch01 lo..6:Jic" c.oiVJc.c{_ h~ 
5~A~/'j(l%1) for ja./illle. wa.te.-vs i5 I.A.5ecl This 
defines saline lakes and ponds that either never have 
been in contact with the sea during geologically 
recent times, or in which any originally enclosed sea 
water has evaporated completely before the basin was 
refilled (1967: 101). 
Salinity has been expressed in different units. It 
can be measured as chlorinity and then be expressed 
15 
as meq/1, as parts per thousand (ppt) or as parts per 
million (ppm). Salinity can be estimated by 
evaporating water to dryness to obtain Total 
Dissolved Solids (TDS) per unit mass or volume. 
German authors, often use SaUerbindungsvermBgen (SBV) 
to characterise various types of water (De Deckker 
1981). In oligotrophic sodium chloride lakes, 
salinities can be computed from conductivity 
measurements, using the formula of Williams (1966) : 
TDS = 
3.4 . K 
18 
6 
10 
+ 0.666 ). K 
18 
( 1. 1) 
where TDS is Total Dissolved Solids (in mg/1) and K 
18 
is the conductivity at 18C (in uS/em). Williams 
( 1981) pointed out that this formula is only 
applicable in the salinity range 3-100 ppt and that a 
considerable bias can occur in lakes with a high 
HCO /CO content. 
3 3 
This is the case in Lake Bathurst 
(see chapter 5) and thus this formula was not readily 
applicable. Therefore, while dealing with the 
measurements in the lake, conductivity values, rather 
than salinity, are discussed. In assessing salinity 
tolerance, however, values for TDS calculated with 
the above formula from conductivity measurements, are 
used ( S ) • 
c 
however, 
For a number of prepared solutions, 
salinity values as obtained by evaporation 
16 
(S are the.n used as a comparison with the values 
ev 
computed from conductivity measurements (chapters 2,3 
and 6). 
In the present work, SI-units have been used, except 
for salinity for which the system used by the 
Australian journal of marine and freshwater research 
(following a UNESCO recomendation) is adopted. 
Salinity is then presented as "S". 
_, 
ppt (30 g.l ) is expressed as : 
-3 
S: 30'?\ 10 
17 
A salinity of 30 
( , • 2) 
Chapter 2 
SALINITY TOLERANCE AND PREFERENCE OF 
Mytilocypris henricae (Chapman) 
18 
2.1. INTRODUCTION 
An exhaustive list of salinity tolerance ranges is 
given for ostro.. coc/ specLc.!> from ma.vine. o.,VJd... 
athalassic saline waters by Neale (1964). Neale 
considers salinity to be the most important factor, 
followed by temperature, affecting the spatial 
distribution of recent ostracods from Great Britain. 
A recent review on the ostracods of athalassic saline 
waters of the world was presented by De Deckker 
(1981). Both accounts deal with salinity tolerance 
and salinity preference limits based on field 
observations. 
Ktlnneman and Precht (1979a,b,c) reviewed the effects 
of temperature and salinity on poikilothermal 
animals. Bayly (1972) reviewed the salinity 
tolerance of fauna from athalassic saline lakes. This 
account was updated for the saline lakes of western 
Victoria by Williams (1981). Bayly ( 1972) 
distinguishes the following faunal categories in 
relation to salinity tolerance 
1. HALOBIONT, but almost entirely non-marine species. 
A. CONFORMERS : animals without osmotic regulation 
of extracellular fluids. 
B. REGULATORS animals capable of hypo- and 
hyper-osmotic regulation. 
19 
2. FRESHWATER FORMS that are salttolerant. The upper 
limit of salinity toleran~r in such species is 
believed to be around S=30~10-
3. HALOBIONT species of direct marine or estuarine 
affinity. 
A. CONFORMERS 
B. REGULATORS 
Boundaries between fresh and saline waters are mostly 
-3 
set around S=3~10 (Bayly 1967), but Bayly ( 1972) 
excludes from his review those freshwater species 
-3 
tolerance limits between S=3x10 and with upper 
-3 
S=10x10 
Some factors related to salinity may prove to be more 
important in regulating presence or absence of 
species in a certain water other than salinity 
itself. There is, for example, a relationship 
between salinity and dissolved oxygen concentration. 
Geddes (1975 ) recorded a sharp drop in dissolved 
oxygen concentration as salinity increased above 
-3 
S=100:X10 What appears to be the upper limit for 
salinity tolerance for a certain species, may very 
well be the lower limit for oxygen tolerance (Bayly 
197 2) . It will be illustrated in chapter 5 that M. 
henricae is able to tolerate a considerable range of 
dissolved oxygen concentrations. Furthermore, the 
highest experimental salinity to which animals in 
-3 
this study were subjected, was S=45X10 which is 
20 
-3 
well below the value of 8=100~10 
Bayly (1969) reports that the carbonate-bicarbonate 
content of waters can largely influence presence or 
absence of some species. This chemical feature is 
quantified and described by the ratio : 
2-
HCO + CO 
3 3 
Cl 
Bayly (1969) writes that the high value of this ratio 
in the Red Rock lakes (Victoria), which can all be 
regarded as saline lakes, allows the freshwater 
calanoid Boeckella triarticulata to live in 
relatively high salinities, whereas it excludes the 
halobiont species Calamoecia clitellata from these 
lakes. 
No reports, dealing primarily with experimental 
salinity tolerance of ostracods from Australian 
athalassic saline lakes are known from the 
literature, in spite of the fact that 38 ostracod 
species are known from such lakes (De Deckker 1981). 
Similar studies in other parts of the world 
(Kornicker & Wise 1960; Theisen 1966; Ganning 1967) 
reveal that differences occur between experimental 
salinity tolerance and observed field ranges. 
21 
Kornicker & Wise experimental 
ranges tolerated 
(1960) report that 
by Hemicythere conradi were 
significantly wider than the observed field ranges. 
Theisen (1966) on the other hand, found the opposite 
for Cyprideis torosa and Loxoconcha elliptica. 
Theisen offers a number of explanations for both 
observations. 
Three main reasons can be cited, where experimental 
ranges are wider than field ranges. It might be due 
to a poor knowledge of the distribution of the 
species: the animal can occur in higher or lower 
salinities in the field but has not yet been found 
there. Secondly, while assessing the experimental 
salinity tolerance, one might neglect to check 
tolerance limits of all life stages. For example, 
larval stages might be less tolerant then adult 
stages or vice versa, and investigating only one of 
these stages will give erroneous results. Finally, 
it is possible that a species is less competitive in 
a certain salinity when compared with other animals, 
in spite of the fact that it can survive that 
particular salinity in experiments. 
explain why some species can tolerate 
This might 
freshwater 
conditions, yet seem restricted in their distribution 
to slightly or moderately saline waters. 
22 
Fiel~i:-anges can also be wider than experimental 
ranges. Theisen (1966) suggested two reasons. 
Populations occurring in very high and in very low 
salinities may belong to different physiological 
races. Secondly, very high salinities, recorded in 
the field, might have had a very occasional 
occurrence and might not reflect the normal salinity 
in that locality. These extreme conditions might 
have been survived by the most tolerant life stage, 
which is not necessarily the stage of which the 
salinity tolerance was experimentally investigated. 
The effects of temperature on salinity tolerance, 
more precisely on osmoregulation in Crustacea, has 
been reviewed by Dorgelo ( 1976, 1981) . Dorgelo 
(1981) presents a classification of species, based on 
the effect of temperature on the relationship between 
the ionic concentrations in the blood and in the 
environment. Dorgelo writes : 
" Small-sized crustaceans ( .•. ) have not yet 
been studied in a way that would allow their 
placement in (the classification). " (1981 : 
115) 
Tones ( 1983) reports on osmoregulation in 
Megalocypris ingens. This is the first published 
study on the ionic composition of the haemolymph of 
an ostracod. Tones found that M. ingens, probably of 
23 
freshwater origin, is unable to hypo-osmotically 
regulate. This, however, does not prevent this 
species from successfully inhabiting the same saline 
waters as the hypo-hyper osmotic regulators. Tones 
found that temperature had no significant effect on 
the hyper-osmotic regulation of M. ingens. 
Therefore, this probably fits in Dorgelo's (1981) 
classification as a type D relationship. 
As no published information is available on the 
experimental salinity tolerance of ostracods from 
Australian athalassic saline lakes, the study of the 
salinity tolerance of Mytilocypris henricae proved 
necessary. In light of the various suggestions 
presented above, the behaviour of some life stages 
under different salinity and temperature conditions 
is examined. Direct transfer experiments and 
acclimation experiments with adults and direct 
transfer experiments with stage 7 and 8 larvae have 
been conducted. 
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2.2. MATERIAL AND METHODS 
2.2.1. Material 
Animals and water used for the experiments were 
collected from Lake Bathurst on March 31, 1982. 
Animals were never used more than 8 days after 
-3 
collection. Waters of salinities less than S=11.10 
were obtained from the original Lake Bathurst water 
by diluting it with deionised water. Higher salinity 
waters were made by evaporating the lake water. This 
was done by exposing the water to circulating air in 
a large, shallow tray at room temperature. Rapid 
evaporation by boiling the water or the use of a 
vacuum pump and even exposure to the air in a 37 C 
room caused rapid precipitation of some solids in the 
bottom of the tray. The water was evaporated down to A 
maximum one fifth of its volume and the salinity was 
then adjusted by adding deionised water, with 
conductivity and temperature being constantly 
monitored. Salinities were thus prepared to integer 
values, using the formula of Williams ( 1966) (see 
chapter 1 ) • 
(lor ma..jor ioM Co.}M~, L{, So4, K)VCL co3 Hw3) 
Chemical analysisLwas carried out on 1 ' 
some of the prepared solutions. Salinity was 
measured after evaporating the water and weigh· ing 
the solids. 
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2.2.2. Experiments 
In the direct transfer experiments with adults, the 
animals were subjected to a set of combinations of 11 
salinities and 4 temperatures, resulting in a total 
of 44 treatments. Each treatment consisted of 10 
animals and was carried out twice. Adults were 
picked out at random and no distinction was made 
between sexes. The animals were then transferred to 
a 25 ml vial filled with 20 ml of the desired 
solution. Each animal was transferred to a separate 
vial. Pieces of Ruppia were added as food. The vials 
were then kept in constant temperature rooms and 
randomly arranged. Mortality was checked daily for 3 
days. 
The following salinities were used : 2 types of 
distilled water (deionised water and glass distilled 
-3 
water), 3=0.5, 4, 8, 15, 20, 25, 30, 35, 40 (x10 ). 
Four constant temperatures were used : 10 + 0.5 C; 15 
+ 1.0 C; 20 + 2.0 C and 25 + 0.5 C. 
For the acclimation experiments with adults, three 
containers of half a litre were filled with water of 
-3 
salinity 3=8~10 Fifty adults, picked out at 
random, were transferred to each tank. One of these 
tanks was used for the upwards acclimation series, by 
transferring surviving animals every two days to 
26 
water with a higher salinity. The following series 
was followed : 
-3 
S = 8- 15- 20- 25- 30- 35- 40- 45 (x 10 ) 
Another tank was subjected to a downwards acclimation 
series in a similar way : 
-3 
s = 8-4-2- 1-0.5-0 (X.10 ) 
A third tank acted as a control. Every two days, 
survivors were transferred to a fresh solution of the 
same salinity. 
During transfer from an old to a new solution, 
contamination of the new solution was restricted to a 
minimum by first rinsing the animals in a separate 
solution, similar to the one the animal was to be 
transferred to. 
In the direct transfer experiments with stage 7 and 8 
larvae the animals were subjected to six different 
-3 
salinities : S=O, 8, 15, 20, 30, 40 (X 10 ) , all at 
20 C. Animals were transferred from field samples to 
separate 25 ml vials, filled as described for the 
direct transfer experiments with the adults. Each 
treatment was carried out only once and consisted of 
20 animals. The experiments were checked daily for 18 
27 
and 24 days, for stage 7 and 8 larvae respectively. 
In experiments with adults, only mortality was 
monitored. In experiments with stage 7 and 8 larvae, 
animals were checked for death and for succesful 
moult to the next stage. When animals moulted, they 
were removed from the experiment. 
2.2.3. Statistical methods 
In the direct transfer experiments with adults, the 
effects of different salinities and temperatures were 
expressed in terms of mortality and survival. In the 
experiments with stage 7 and 8, however, two types of 
effects had to be taken into account : animals could 
either die or survive, while surviving animals could 
either moult to the next stage or could remain in the 
same larval instar. 
This was done by analysing the number dying and 
moulting separately. While assessing the moulting 
response, dead animals were excluded and vice versa. 
The following example from the experiment with stage 
-3 
7 larvae in water with S=20X10 will illustrate 
this. 
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The experiment started with 20 animals in separate 
vials. After day, 1 out of 20 animals moulted. The 
death rate is 0 out of 20. After 2 days, the number 
of animals considered is 19, as the moulted animal of 
the first day is removed from the experiment. As 
another animal moulted after 2 days, moulting rate 
for 48h is 1 out of 19. The death rate is 0 out of 
19. On the third day, the number of animals 
considered in the treatment is 18 for both responses 
and so on. 
These responses were analysed in 2 different ways. 
The first (non - parametric) type of 
investigates the association between 
analysis 
various 
combinations of treatments and the distribution of 
survival and moulting times. The second type of 
analysis assesses the effects of different treatments 
after a set time interval. Both methods analyse the 
results, using values of N, the number of specimens 
subjected to a certain treatment, and R, the number 
of responses. The probabilities for all these 
responses thus show a binomial distribution. Both 
models were fitted using the computer program 
GENSTAT. 
The method for analysing the distribution of response 
times was described by Cunningham et al. ( 1981). 
This method requires an assumption that the chances 
29 
for response (death, moulting), relative to a 
standard value, are constant at all times. This is 
known as the proportional hazards model. The method 
applies the following linear regression model : 
ln(-ln(1-P )) = B + Y ( 2. 1 ) 
ij i j 
where B describes a constant for a given set of 
i 
treatments ( i) ' 
response and P 
ij 
Y is a constant involving time to 
j 
is the conditional probability that 
an animal, in the particular factor combination (i) 
will respond (die, moult) in a time interval 
(t ,t ). The theoretical backgrounds of this method 
j-1 j 
are discussed by Cunningham et al (1981). 
Results are here presented as an analysis of 
deviance a chi-square value expressing the 
significance of the different sources of variation 
temperature, salinity and temperature x salinity. 
This indicates which factor is actually causing a 
significant variation. If this analysis shows, for 
example, that salinity is a significant source of 
variation, it would also be desirable to know which 
of the different salinity treatments (if any) give 
similar responses and which give significantly 
different responses. This is indicated by the 
estimated regression coefficient (the slope) of B 
i 
30 
(the constant for a given set of treatments (i)) 
against time. For one set of treatments the value of 
the regression coefficient is set to zero. The other 
values then indicate the differences or similarities 
in response, relative to that treatment. It is 
therefore not important for which treatment the value 
is preset to zero. 
The second type of analysis investigates the 
significance of differences in response after a set 
time interval. It is known as the legit linear model 
and uses the following function of treatments : 
Pij 
ln ( -----) = u + Ti + Sj 
1-P 
ij 
This gives after transformation 
(u + Ti + Sj) 
e 
p 
= ------------------
ij (u + Ti + Sj) 
1+e 
(2.2) 
(2.3) 
where ~ is the estimated probability of survival 
ij 
after a set period of time, u is a constant value 
calculated for the set of treatments for which the 
specific effects have been set to zero and where T 
i 
and S refer to the effects of a temperature 
j 
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treatment ( i) and a salinity treatment ( j) 
respectively. 
Two types of results from this analysis are presented 
in this work. Significance of the observed 
differences in response are also presented as a chi-
square value. The model furthermore returns a value 
for u and a T and S value for each temperature and 
i j 
salinity used in the experiments. These figures were 
then used to calculate probabilities of survival 
after 3 days applying the formula in expression 
(2.3). 
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2.3. RESULTS 
Calculated salinities, conductivity values and pH for 
the different prepared solutions are listed in table 
2.1. Results of chemical analysis and salinities 
obtained by evaporation are presented in table 2.2. 
Results of the analysis of deviance using the 
proportional hazards model for the direct transfer 
experiments of the adults, are presented in table 
2.3. Results of the analysis of deviance using the 
logit linear model for those experiments are given in 
table 2.4. Both results are well in agreement with 
one another, illustrating that both temperature and 
salinity are a significant source of variation, 
whereas the effects of the temperature-salinity 
interaction are not significant. Probabilities of 
survival in different salinities, calculated from 
results of the analysis with the legit linear model, 
are presented in fig 2.1 for the four temperatures 
investigated. 
While applying the proportional hazards model for the 
direct transfer experiments with stage 7 and 8 
larvae, it appeared that the model fitted for the 
mortality response, but not for the moulting 
response, as standar"d · errors on the estimated 
regression coefficients in the latter response were 
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TABLE 2.1. 
Conductivity at 18 C, salinity calculated from the 
conductivity measurements and pH for the solution 
used in salinity tolerance experiments with M. 
henricae. (* = measurements for the original Lake 
Bathurst water at time of collecting). 
-------------------------
s c pH 
c 18 
-3 
( ,)(1 0 ) (uS/em) 
-------------------------
0.5 748 9.80 
1.0 1490 9.50 
2.0 2961 9. 18 
4.0 5836 8.81 
8.0 11366 8.60 
11.3 * 15735 8.51 
15.0 20377 8.37 
20.0 26509 8.20 
25.0 32188 8.13 
30.0 37767 8.09 
35.0 43033 8.03 
40.0 48208 7.92 
45.0 53127 7.85 
------------------------
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very high. Results of the analysis of deviance for 
the mortality response in the six salinities are 
listed in table 2.5. Table 2.6 shows that the six 
salinities can be ordered in 3 groups according to 
the estimated regression coefficients, obtained from 
the same analysis. 
-3 -3 
S= 8 ~1 0 , 15x1 0 
-3 
S=0.10 
-3 
20x1o and 
is different 
-3 
30~10 
-3 
S=40~10 is again different from both groups. 
from 
while 
This separation into 3 groups also becomes clear when 
looking back at the original data all animals in 
-3 -3 
S=40X10 died within 2 days. Animals in S=Ox10 
died within 4 days and there was no successful 
moulting. In the four intermediate salinities 
animals moulted both in experiments with stage 7 and 
8 larvae, but mortality was in some treatments still 
considerable. 
In order to further investigate the significance of 
both moulting and mortality responses in salinities 
-3 -3 -3 -3 
S=8 x10 151(10 20x.10 and 30)(10 the legit 
linear model was fitted after 3, 10 and 17 days for 
stage 7 and after 3, 10 and 23 days for stage 8 
larvae. Results for these analyses of deviance are 
listed in table 2.7. They show that significant 
differences in response exist amongst the 4 salini-
ties. It appears from the original data that mortali-
-3 
ty is highest and moulting lowest in S=30i10 
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The results of the acclimation experiments with 
adults are listed in table 2.8. This table presents, 
for each 48h period, the salinity to which the 
animals were subjected during that period, survival 
and cumulative mortality and the adjusted mortalities 
for both acclimation series (mortality in the control 
subtracted from the mortality in the experiments to 
adjust for effects caused by the method). It appears 
that mortality in the control was too high to permit 
any deduction on salinity effects. 
Table 2.9 lists localities were M. henricae is known 
to occur, with date of sampling, conductivity at 18 C 
and salinities calculated from these conductivities 
using the formula of Williams (1966) (see chapter 1). 
-3 
The lowest salinity recorded is S = 2.08 x 10 the 
-3 
highest salinity was S = 19.44X10 
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2.4. DISCUSSION 
It appears from table 2.2 that the salinities 
calculated from conductivity measurements using the 
formula of Williams (1966) are all underestimated, if 
compared with the salinities obtained by evaporation. 
The bias is not linear and increases for higher 
-3 
salinities. Up to S:30x10 , however, the error is at 
maximum 10%. Co..lc u.lct. t. ed.__ 5a..lmil::ic.5 wi.l/ fl....e.ve foy.e 
·be. U-5ed he.ve. 
For water 
-3 
S:45l<10 ), 
of higher 
MgCO .5H 0 
3 2 
-3 
salinities ( S= 40 x1 0 
(Nesquehonite) crystals 
and 
had 
precipitated at some stage in the bottles used later 
for analysis, hence the change in Ca-Mg ratio between 
those samples and samples of lower salinities (table 
2.2). 
Results from the acclimation experiments with adults 
show that the experimental design was inappropriate. 
Mortality in the control was extremely high, so that 
no valid assessment of the actual effect of the two 
treatments could be made. s Geddes ( 1975 .) succe~fully 
used this method to obtain LD50 values from the 
adjusted cumulative mortalities for Parartemia 
zietziana. Due to high mortality in the control in 
the present experiments, however, the adjusted 
cumulative mortality never reached 50% in the upwards 
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TABLE 2.2. 
Chemical analysis and salinity obtained by evaporation for 
selected prepared solutions, used in the salinity tolerance 
-3 
experiments with M. henricae.( S : ~10 ; other measurements in 
mg/1). 
-----------------------------------------------------------------
2+ 2+ + + 2- 2-
s Ca Mg Na K co HCO so Cl s 
c 3 3 4 ev 
-----------------------------------------------------------------8 102 40 2410 122 94 898 77 3910 8.2 
30 655 521 10390 522 363 3234 268- 16320 33.1 
35 973 471 12630 650 451 3862 351 20160 41.4 
40 953 527 14430 727 403 4125 415 23040 46.7 
45 987 600 16260 830 491 4671 449 25930 52.6 
-----------------------------------------------------------------
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series. In the downwards series, the LD50 value must 
-3 -3 
lie between S = 0. 5 x 1 0 and S = 0. 0 J~. 1 0 
Three different alterations in the experimental 
design might have solved this problem. First, the 
salinity in Lake Bathurst increased drastically 
during the period of investigation. Normally, the 
-3 
salinity is closer to S:4:~~:10 This might have 
proved to be a more realistic salinity for the 
-3 
control solution then S:8l(10 which was used. 
Secondly, an increase of the volume of the 
experimental tank to 1 or 2 litre (instead of half a 
litre for 50 animals) might have caused less stress, 
hence less mortality. Finally, an experiment at 15 C 
rather than at 20 C could also have been more 
effective for the same reason as above. 
Both temperature and salinity have a highly 
significant effect on mortality in the direct 
transfer experiments with adults, but the interaction 
of temperature and salinity is not significant. It 
is not immediately obvious what this means. From fig 
2.1 it seems apparent that higher salinities are less 
well tolerated in higher temperatures, suggesting an 
INTERACTION between both factors. The analysis, 
however, reveals that the low survivals in treatments 
with high salinities and high temperatures are caused 
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TABLE 2.3. 
Analysis of deviance on survival of adults M. 
henricae in direct tranfer experiments, using the 
proportional hazards model. 
Source 
temperature 
salinity 
temp. x sal. 
Of 
3 
10 
30 
40 
chi-square 
53.1 
610.2 
22.2 
signif. 
P<-0.001 
P<0.001 
NS 
' 
. ' 
TABLE 2.4. 
Analysis of deviance of survival of adults M. 
henricae in direct transfer experiments after 3 days, 
using the legit linear model. 
Source 
temperature 
salinity 
temp. x sal. 
Df 
3 
10 
30 
41 
chi-square 
35.8 
561.0 
28.0 
signif. 
p< 0. 001 
p< 0. 001 
NS 
p 
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FIGURE 2.1. 
Probabilities of survival of adults ~ henricae in 4 temperatures 
and 11 salinities, calculated with the logit linear model. 
separately by salinity and temperature, but which are 
COMBINED in one treatment and not by the effect of 
one factor on the other. Mortality in the high 
temperature (25 C) is indeed higher, regardless of 
the salinity. It is therefore incorrect to state that 
survival in high salinities is restricted by high 
temperatures. High extremes of both factors cause 
mortality, and it is only normal that mortality will 
be higher when extremes of both factors are combined. 
The lack of a significant interaction between 
temperature and salinity can also be seen in fig 2.1. 
The distributions of the probabilities of survival in 
different salinities have a different POSITION for 
different temperatures, but retain the same SHAPE and 
are parallel to one another. 
Dorgelo ( 1981) and Tones (1983) discussed the 
influences of temperature on the relationship between 
blood (internal) and environmental (external) 
osmoconcentration (C /C). In the present work, the 
i e 
effects of temperature on salinity tolerance are 
investigated. Although we can not unequivocally 
equate both types of effects, these phenomena are 
related to one another to a certain degree. Tones 
(1983) showed that Megalocypris ingens is an hyper-
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osmoregulator and that there is no effect of 
temperature on the osmoregulation of this species. 
According to Dorgelo's (1981) system, M. ingens can 
be classified as a typeD species (see above). As it 
is not known whether Mytilocypris henricae is a 
(hyper-) osmoregulator or an osmoconformer, we can 
not decide here whether this species is to be 
classified as a type D or as a type D1 species, 
according to Dorgelo's (1981) system. 
Experiments with stage 7 and 8 larvae were more 
qualitative than quantitative. No exact salinity 
tolerance limits as such can be extracted from these 
-3 
results. However, it is clear that S:40X10 is an 
unfavourable salinity for both larval stages and that 
-3 
even S=30X10 is not preferred by stage 7 larvae. 
Therefore, for both moulting and mortality responses, 
-3 
the upper limit is believed to range between 8=20~10 
-3 
and S=30X10 for stage 7 larvae, which is much 
lower than for adults and stage 8 larvae at the same 
temperature and after a three days period (tables 2.5 
- 2.7). 
It is rather unusual in this type of experiment to 
assess tolerance of larval stages. The present 
results, however, show the importance of including 
such information in the assessment of a species' 
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TABLE 2.5. 
Analysis of deviance for mortality response in direct 
transfer experiments with stage 7 and 8 larvae of M. 
henricae, using the proportional hazards model. 
Source of variation is salinity and degrees of 
freedom = 5 in both experiments. 
experiment 
stage 7 
stage 8 
chi-square 
141.3 
124.6 
45 
signif. 
p<Q.001 
P<0.001 
TABLE 2.6. 
Estimated regression coefficients for B on time and 
i 
standard errors for mortality response using the 
proportional hazards model with stage 7 and 8 larvae 
of M. henricae in six salinities in direct transfer 
experiments. (* = value for which B is preset to 
i 
zero by the model). 
s 
-3 
(" 10 ) 
0 ( *) 
8 
15 
20 
30 
40 
stage 7 
0.00 
-4.83 + 0.74 
-4. 11 -.:;:: 0. 64 
-3.69-.:;:: 0.62 
-4.05 :! 0.63 
2.50 + 2.74 
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stage 8 
0.00 
-2.94 + 0.50 
-4.11-.:;::0.52 
-3.05-.:;:: 0.49 
-3.35..:!: 0.51 
1.89 + 0.45 
TABLE 2.7. 
Analysis of deviance for moulting and mortality responses in 
direct transfer experiments with stage 7 and 8 larvae of M. 
henricae, using the logit linear model.(Mort = mortality 
response; moult = moulting response; signif = level of 
significance; R = number of responses in each treatment, which 
-3 
originally consists of 20 specimens; Salinities S = X10 ). 
-----------------------------------------------------------------
larvae response days R in salinities chi-sq. signif. 
8 15 20 30 
-----------------------------------------------------------------
7 mort 3 0 0 0 5 14.91 P<0.005 
7 mort 10 0 3 2 10 19.57 P< 0. 001 
7 mort 17 4 11 9 15 13.29 P<O. 005 
7 moult 3 7 4 3 0 11.37 P<O .001 
7 moult 10 16 8 11 3 19.33 P<0.001 
7 moult 17 16 9 11 5 13.29 P<0.005 
8 mort 3 0 1 9. 10 P<0.05 
8 mort 10 0 2 1 7 13.44 P<0.005 
8 mort 23 12 18 16 19 9.33 P<0.05 
8 moult 3 0 0 0 0 0.00 NS 
8 moult 10 5 1 3 0 8.93 P<O .05 
8 moult 23 8 2 4 9.33 P<O .05 
-----------------------------------------------------------------
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tolerance to an environmental factor. Arthropods 
spend most of their life in a larval or a juvenile 
stage. Yet, investigations on the ability to 
tolerate different factors almost entirely 
concentrate on the adult stage. Results from such 
investigations will create misconceptions. 
De Deckker (1981) reports a field salinity tolerance 
-3 -3 
of 3=2~10 to 3=20~10 for M. henricae. This 
agrees well with the present data on field ranges 
(table 2.9). 
A summary of the observed salinity ranges for the 
different investigated stages and conditions is 
presented in fig 2.2. A large difference in upper 
salinity tolerance limits between adults and stage 7 
and 8 larvae becomes clear, further illustrating the 
need to include larvae in this type of experiment-· 
The results also show that M. henricae seems to be 
able to propagate in freshwater conditions. The 
species, however, is seldom present in the natural 
-3 
environment at salinities below 3=3~10 This might 
be caused by the fact that the species is less 
competitive in these environments. A very likely 
explanation for the absence of mytilocypridinid 
ostracods in freshwater environments is recently 
given by De Deckker (1983). All ostracods of this 
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DAY 
2 
4 
6 
8 
10 
12 
14 
16 
CONTROL DOWNWARDS ACCLIMATION UPWARDS ACCLIMATION 
Surv. Mort. s Surv. Mort. Md - Me s Surv. 
50 
50 
47 
42 
33 
27 
19 
13 
(Me) (Md) 
0 8 49 1 1 8 46 
0 4 48 2 2 15 44 
3 2 47 3 0 20 34 
8 1 46 4 -4 25 25 
17 0.5 39 11 -6 30 19 
23 0 1 49 26 35 12 
31 40 6 
37 45 4 
TABLE 2.8 
Salinity tolerance experiments with adults M. henricae, using 
acclimation series. S =Salinity (. 10-3 ), Control salinity 
-3 S = 8 X 10 ) . 
Mort. Mu - Me 
(Mu) 
4 4 
6 6 
16 13 
25 17 
31 14 
38 15 
44 13 
46 9 
TABLE 2.9. 
Localities of Mytilocypris henricae with measurements of 
conductivity (calculated to standard 18 C values) in uS/em and 
salinities calculated according to the formula of Williams 
( 1966). 
locality 
Lake Coragulac (Vic) 
Lake Purdigulac (Vic) 
Lake Terangpom (Vic) 
Lake near Chinamans Swamp (Vic) 
Lake Tooliorook (Vic) 
Lake Bathurst (min.) (NSW) 
Lake Bathurst (max.) (NSW) 
50 
date conduct 
( 18C) 
07.10.82 6256.0 
07.10.82 7180.0 
09.10.82 4541.0 
10.10.82 25790.0 
10.10.82 3081.0 
11.05.82 4769.0 
09.06.83 19194.0 
salinity 
-3 
(X. 10 ) 
4.30 
4.96 
3.09 
19.44 
2.08 
3.25 
14.04 
ADULTS 
LARVAE 7 & 8 
0 8 15 20 
----------------
HATOiiNG 
FIELD RANGE 
1---------------
FIGURE 2.2. 
30 
Summary of observed salinity tolerance and preference 
ranges of M. henricae from experiments and field 
observations. Results on hatching are obtained from 
chapter 6. 
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40 
tribe are very large and have adapted to a free 
swimming mode of living. This would make them a very 
easy prey for fish. However, very few species of 
fish occur in saline waters, which is where most of 
these ostracods can be found. A high level of 
predation by fish, rather than an intrinsic 
incapability to survive in freshwater, might be the 
reason for the absence of these species in freshwater 
biota. 
According to Bayly's (1972) classification, M. 
henricae is to be regarded as an essential~ffreshwater 
form that is salt tolerant. 
liV!'lit for- /::Viis :JYoup u around 
-3 
8=30;(10 Following Williams' (1981) classification, 
M. henricae is a salt tolerant freshwater species and 
this author writes that these species are 
-3 
restricted 
-3 
to a salinity range between S>1~10 and S=20A:10 
This is the narrow range, exhibited by the least 
tolerant stages of ~ henricae and agrees very well 
with the observed field range. It may prove to be 
the true tolerance range of this species. 
Although the results of these experiments already 
illustrate the effects of temperature and salinity on 
survival and moulting in ~ henricae, freezing point 
depression determinations, showing the relationship 
52 
between internal and external osmoconcentration, are 
necessary to reveal whether this species is an 
(hyper-) osmoregulator or an osmoconformer. 
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Chapter 3 
EFFECTS OF TEMPERATURE AND SALINITY ON THE 
POSTEMBRYONAL ONTOGENY OF Mytilocypris henricae 
(Chapman) 
54 
3.1. INTRODUCTION 
3.1.1. Definition of ontogeny 
Spasskii and Kovalenko ( 1978) divide the ontogeny of 
ostracods in 4 first order STAGES and 4 first order 
INTERSTAGES. STAGES are steps representing 
qualitatively different states of the developing 
organisms, while INTERSTAGES are segments of 
ontogenesis between successive key points - points of 
transition from one stage to another (1978:450). 
The first order stages in ostracod development are 
1. The EGG 
2. The LARVAL stage 
3. The JUVENILE stage 
4. The ADULT stage 
The larval stage is the nauplius and is described by 
Spasskii and Kovalenko as follows 
"Its body is unsegmented and lacks a 
shell, it leads a planktonic mode of life, 
has an unpaired eye and three pairs of 
appendages antennules, antennae and 
mandibles." ( 1978:450) 
However, other descriptions of the first instar 
ostracod larvae (Schreiber 1922, Kesling 1951, 
Scheerer-Ostermeyer 1940)all/reveal that a shell, 
although weakly calcified, is present. Also the 
first instar larva of Mytilocypris henricae is 
enclosed by a shell. 
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Roessler~ describes the late embryological ontogeny 
and the process of egg hatching in Heterocypris 
bogotensis (1982a) and in representatives of the 
genus Chlamydotheca ( 1982b). He describes the 
formation of the PRENAUPLIUS and METANAUPLIUS and 
shows that animals are in the metanauplius stage 
while hatching. The prenauplius lacks a shell and it 
might be the same stage Spasskii and Kovalenko (1978) 
refer to. 
The juvenile stage comprises a number of 
developmental stages, each separated by a moult. 
These are regarded as second order stages by Spasskii 
and Kovalenko(1978). 
The first order interstages are 
1. EMBRYOGENESIS 
activation of the 
hatching) 
(from amphimixis or 
parthenogenetic egg to 
2. JUVENCOGENESIS (from hatching to first 
moult) 
3. IMAGOGENESIS (from first to final moult) 
4. EXISTENCE OF THE ADULT 
This system is a valuable tool when comparing 
ostracod ontogeny with the development in other 
arthropod groups. But in quantitative growth 
studies, the distinction between the larval stage and 
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juvenile stages is not useful at all. Therefore, 
most authors treat all stages between hatching and 
final moult as equal and name them "larval stages". 
The larval stage sensu Spasskii and Kovalenko (1978) 
becomes the first larval stage, the first juvenile 
stage sensu Spasskii and Kovalenko ( 1978) is called 
the second larval stage by others and so on. In this 
work, the latter system will be adopted. Also, 
juvencogenesis and imagogenesis are treated as one 
process: the postembryonal ontogeny. 
3.1.2. Growth in Crustacea 
Crustacea are arthropods and their development is 
therefore characterised by a number of moults. The 
animals increase in size only during and immediately 
after these moults. Most authors believe that growth 
in these animals is only superficially discontinuous 
and that the true growth of tissue through cell 
division and addition of protoplasm is a continuous 
process (Kurata 1962, Hartnell 1983). This is always 
assumed when growth curves of arthropods are 
represented by a continuous line. However, Herman 
and Heip (1982) showed that growth is continuous 
while measuring dry weight of valves and soft parts 
of Cyprideis torosa. 
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Hartnell (1983) distinguishes two strategies of 
growth in Crustacea. Some species have INDETERMINATE 
growth and continue moulting indefinitely. Other 
species have DETERMINATE growth and eventually cease 
moulting. In the latter group, sexual maturity can 
either be reached before or after the terminal moult. 
Also in the event of a terminal moult, it can be 
preceded either by a fixed or variable number of 
instars and moults. 
The following hierarchy of growth strategies for the 
Crustacea is extracted from Hartnell (1983: 122). 
INDETERMINATE GROWTH (no final moult) 
DETERMINATE GROWTH (with final moult) 
Maturity before final moult 
Instar number fixed 
Instar number variable 
Maturity after final moult 
Instar number fixed 
Instar number variable 
Ostracods have a determinate growth; they reach 
sexual maturity after the final moult and have a 
fixed number of larval instars. 
Hartnell (1983) distinguishes two variable COMPONENTS 
of growth in Crustacea. The intermoult period (IMP) 
is the time between successive moults. The importance 
of the IMP as a component of crustacean growth has 
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only recently been recognised. Historically, most 
work was done on the moult increment (MI), which is 
the increase in size that occurs at a moult. There 
are different ways to express the MI in absolute or 
in relative terms, and in the latter case either as a 
ratio of postmoult and premoult size 
L 
(n+ 1) 
MI = 
L 
( n) 
or as a percentage of the premoult size 
L - L 
(n+ 1) ( n) 
MI = X 100 
L 
( n) 
in which L is the length of stage n, 
( n) 
length of stage (n-1) and so on. Both 
L 
(n-1) 
figures 
(3.1) 
(3.2) 
the 
are 
commonly referred to as growth constants in the 
literature and it is often confusing and difficult to 
determine which method has been used. 
A number of environmental FACTORS are known to affect 
the two components of growth, amongst which 
temperature and food (Kurata 1962, Hartnell 1983) are 
the most commonly considered ones. 
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The regulation of growth is mainly studied in 
organisms with indeterminate growth. Techniques to 
represent and interpret results are almost 
exclusively developed for these organisms. According 
to Hartnolls' ( 1983) review, 3 types of analysis are 
useful for animals with indeterminate growth. 
The regression between log(IMP) and size of the 
animal is usually linear with a positive slope (fig 
3. 1). The regression between log(MI) (mostly the 
percentage increment) and the size of the animal (fig 
3.2) is approximately linear with a negative slope. 
From the former regressions, growth curves (age 
versus size) can be generated (fig 3.3). Mainly from 
the latter graph, one can conclude that, in Crustacea 
with indeterminate growth, components of growth (MI 
and IMP) are regulated to set a size limit for these 
organisms,since this curve appears to be assymptotic. 
After a certain number of moults, the animals will 
not increase in size with successive moults. 
When the same techniques are used for animals with 
determinate growth, they are far less useful : there 
is frequently no correlation between log(MI) and size 
and there is a wide variation in the shape of the 
growth curves age versus size. Not enough data are 
available to assess the validity of the correlation 
between log(IMP) and size. It is clear that for 
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FIGURE 3.1 
Regressions of log(IMP) on carapace size for a number 
of Crustacea with indeterminate growth (from Hartnell 
1983). 
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Regressions of log(1~I) on carapace size for some 
species of Crustacea with indeterminate growth (from 
Hartnell 1983). 
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FIGURE 3.3 
Growthcurves age versus size for some Crustacea with 
indeterminate growth (from Hartnell 1983). 
animals with determinate growth, the strategies of 
growth regulation are poorly understood. 
3.1.3. Previous work on growth in Ostracoda 
Table 3.1 lists papers dealing with growth in 
Ostracoda. More data on growth factors in marine and 
fossil species obtained from field samples are given 
by Elofson ( 1941) and Andersen (1964). The table 
classifies the studies according to the origin of the 
material and the experimental conditions. Animals 
were either collected from the field or grown in 
experiments. The environmental conditions in such 
experiments (temperature, salinity, ... ) were either 
controlled or not. The studies can furthermore focus 
on absolute measurements (AM), on the Intermoult 
Period (IMP) or on the Moult Increment (MI) or on 
combinations of these variables. 
Only two studies assess both components of ostracod 
growth (IMP & MI) in controlled environmental 
conditions : Kurata (1962) on Cyprinotus spec. and 
Hagerman ( 1978) on 3 marine species Cytherura 
gibba, Elofsonia baltica and Loxoconcha elliptica. 
Other studies either deal with absolute measurements 
and/or MI from field data only or measure MI and IMP 
in experiments, but fail to do this in 
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SPECIES ORIGIN OF EXPERIM. VARIATE REFERENCE 
MATERIAL CONDITIONS 
HetePocypns incongpuens experiment not contr. AM Schreiber 1922 
Cypndopsis vidua aquarium not contr. AM MI Kesling 1951 
Cypndopsis vidua experiment To contr. IMP Mikulic 1954 
'1: 
HetePocypns incongPuens experiment To contr. AM MI IMP Kurata 1962 
Cypridopsis vidua field AM MI Reyment et al 1962 
Cypndeis toPosa 
LeptocythePe lacePtosa 
Loxoconcha elliptica 
Elofsonia baltica 
Cythepura gibba 
CythePois fischen 
CythePois arenicola experiment not contr. IMP Theisen 1966 
HeterocypPis spec. experiment T 0 , pH ,contr. IMP Turpen & Angell 1971 
Heterocypns incongPuens 
Notodpomas monacha field AM Tetart 1971 
HetePocypns salina 
Sarscypridopsis aculeata field AM MI Ganning 1971 
Chnssia vittata experiment not contr. IMP Okubo 1974 
Cypndeis torosa field AM Van Harten 1975 
Cypndeis torosa field AM Heip 1976 
Cypndopsis parvoides aquarium not contr. AM MI Gillandt 1977 
Cytherupa gibba 
Elofsonia baltica 
Loxoconcha elliptica experiment T0 ,S contr. AM MI IMP Hagerman 1978 
HetePocypns incongruens experiment not contr. AM MI IMP Semenova 1978 
Candona neglecta 
Cyclocypns laevis 
Cypncercus fuscatus 
Cypncercus Peticulatus 
EucypPis lutana field AM MI Heitkamp 1979 
Candona.candida experiment not contr. AM IU IMP Semenova 1979 
Isocypns pnomena 
LimnocythePe inopinata experiment not contr. AM MI IMP Semenova 1980 
Cypndeis toPosa field MI Herman & Heip 1982 
TABLE 3.1. 
Data on postembryonal ontogeny and growth in ostracods from the literature. (AM 
measurements, MI ; moult increment, IMP ; intermoult period). 
absolute 
environmentally controlled conditions. As will 
become clear, such results cannot be used while 
discussing growth strategies in Ostracoda. 
Recent reviews and attempts to derive a general 
formula on growth in Crustacea are presented by 
Kurata (1962), Andersen (1964) and Gillandt (1977). 
3.1.4. Aims of the present work 
The effects of temperature and salinity on growth 
during postembryonal ontogeny in Mytilocypris 
henricae have been studied. This was done by 
assessing the effects of these(environmenta~factors 
on absolute size (length and height), IMP, length-
height ratio;· a.clclitiona.l~, cor-nla.tim between age and 
l? a.lt~w... pt.J. 
sizek The advantages of the statistical methods used 
for the present analyses are also discussed. 
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3.2. MATERIAL AND METHODS 
3.2.1. Material 
Eggs used for the experiments were collected from 
Lake Bathurst on 25.08.1982, 08.09.1982 and on 
26.10.1982. As described in chapter 1, M. henricae 
lays eggs in small clutches in hollow stems and 
leaves of halophytes. Therefore, in order to collect 
the eggs, Ruppia-plants were washed at the sample 
site. The water was then sieved on a set of 2 
sieves one with mesh size mm above, the other of 
0.1 mm below. Debris and larger instars of M. 
henricae were trapped in the top sieve, eggs were 
retained in the bottom sieve. 
The eggs were then transferred to 1 liter jars filled 
with Lake Bathurst water, transported on ice back to 
Canberra and stored at 5C. In the laboratory, prior 
to storage, the eggs were placed in Lake Bathurst 
water which had been filtered through 0.47 pm 
millipore paper. 
Water used for the experiments was collected from 
Lake Bathurst at various times, mainly on 25.08.1982 
and orr 06.01.1983. It was filtered and later either 
diluted or evaporated to obtain the desired salinity 
as described in chapter 2. 
67 
From 8 samples from Lake Bathurst (for description of 
collection see chapter 5), length and height of 180 
animals (20 specimens for each of the 9 stages) were 
measured. The samples were all taken from the same 
station on 27.03.1981, 02.07.1981, 27.08.1981, 
24.09.1981, 17.11.1981, 15.12.1981, 19.01.1982 and 
24.05.1982. 
3.2.2. Experimental design 
In total 6 experiments are carried out for which 3 
salinities and 4 temperatures were investigated. 
-3 -3 -3 
They are 3=4):10 3=8ll:10 and 3=16;;;,10 (all at 
-3 
20C) and 10C, 15C, 20C and 25C (all at 3=8~10 ) . 
For each experiment, 100 flasks of 25 ml were filled 
with water of appropriate salinity. One egg was 
selected at random from the stock and placed in the 
flask. The flasks were then transferred to a 
constant temperature cabinet with a night-day light 
regime on a 10:14 hour base. The eggs were checked 
daily and any change in colour was recorded. For the 
experiments at 10C and 15C, the flasks were 
originally placed at 20C to stimulate hatching. 
Immediately after hatching, individual flasks were 
transferred to 10C and 15C and checked daily. 
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After each moult, the empty valves were removed from 
the flasks and stored in 70% alcohol. When the 
experiment was terminated, length and height of the 
left valve of all available instars was measured. 
This was done by separating the two valves and 
placing the left valves with their exterior side 
upwards. All measurements were taken with an 
eyepiece grid, previously calibrated. 
The valves of the first instar larvae are very small, 
weakly calcified and very transparent and _it was very 
difficult to collect them. Food (small pieces of 
Ruppia) was therefore added only after the first 
moult and after the valves were removed from the 
vial. 
3.2.3. Statistical analysis 
Absolute measurements of length and height from the 
samples and of length, height and IMP from the 2 
series of experiments were analysed with a one-way 
Analysis of Variance (ANOVA). This was done on a 
logarithmic scale, as a lognormal distribution of the 
measurements is assumed in these analyses. A two-way 
ANOVA is used to investigate the effects of the 
treatments on the length-height ratio. For this two-
way ANOVA, the sources of variation in the samples 
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are 'time' (date of sampling), 'instar' and 'time x 
instar'. For the experiments, the sources of 
variation are 'treatment' (temperature or salinity), 
'instar' and 'treatment x instar'. 
The effects of environmental conditions and instar of 
the MI were analysed in anindirect way. For each 
animal in the experiments, a linear regression 
between age and length and between age and height was 
fitted. The regression gives a result of the type : 
y = B 
0 
+ B X 
1 
(3.3) 
for each animal. Then, for the two series of 
experiments, a one-way ANOVA on the intercept (B ) 
0 
and the regression coefficients or slope (B ) was 
1 
performed. 
The mean values of B 
0 
and B per treatment were t~n 
1 
used to compute linear growth curves age versus size. 
Age was calculated by accumulating the IMP's of 
different stages, day 0 being the day of hatching on 
which the animal has the size of stage 1. For each 
curve means of real sizes are plotted, illustrating 
the goodness of fit of the linear growth curves. 
Both for computing the age and the mean values of the 
real sizes, only measurements of animals which 
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reached stage 5 and beyond were used. No standard 
errors or standards deviations are plotted, as the 
degree of variation is sufficiently reflected in the 
different ANOVA's. 
Prior to all ANOVA's, homoscedasticity was checked by 
graphically looking for correlation between the means 
and the ranges of the samples. This is discussed by 
Sokal and Rohlf (1981:408). 
Regression coefficients and intercepts were 
calculated with a FORTRAN V program calling NAG 
subroutine G02CAF, the ANOVA's of these coefficients 
were performed using a FORTRAN V program calling NAG 
subroutine G04AEF. All other ANOVA's were performed 
with the computer program GENSTAT. 
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3.3 RESULTS 
3.3.1. Number and preliminar description of instars 
All experiments show that Mytilocypris henricae has 8 
larval stages and one adult stage. The first larval 
stage is enclosed by a thin, weakly calcified, 
rounded shell. From stage 2 onwards, the valves have 
a more elongated shape as in the adult. Stage 1 and 
2 still contain a lot of yolk in their intestinal 
tract,which is therefore still coloured . yellow or 
orange. From stage 3 onwards, the animals have a 
characteristic green colour. 
The animals become sexually mature only in stage 9. 
Nevertheless, from stage 7 onwards the 4 testicle 
tubes ma..'1 be visible in the male. However, this 
external feature is not always clear and even in 
stage 9 it was sometimes necessary to dissect an 
animal to allow sexing. 
3.3.2. Samples 
Figs 3.4 and 3.5 give the results of the one-way 
ANOVA on ln(length) and ln(height) respectively, for 
the measurements from the Lake Bathurst samples. As 
time (date of sampling) is the source of variation, 
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A NOVAS lN(lENGTH) 
(P) 
INS TAR \/1 v2 F (v1,v2) SIGN! F. 
5 3 g 6 17 4 
1 6 133 3.476 0.005 
5.84 5.86 5.88 
8 7 3 5 1 62 4 
2 7 134 4,ogg 0.001 
6,]2 6,14 6.16 
3 7 152 6.485 0.001 
6.35 6.37 6.39 
3 1 2 5 7 864 
4 7 152 26.706 0.001 
6.59 6.61 6.63 6.65 
3 1 5 2 6 784 
5 7 152 34. C£8 0.001 
6.92 6.96 7.00 
6 3 14 52 7 68 7 152 30.141 0.001 
7.32 7.34 7.36 7.38 7.40 
7 
5 31 4 2 8 6 7 
7 ]52 22.190 0.001 
7.70 7.74 7.78 
8 5 7 1283 4 6 7 152 24.284 0.001 
7.96 8.02 8.08 
9 8 5 2 3 761 4 7 152 7.832 0.001 
8.27 8.31 8.35 

ANOVAS LN(HEIGHT) 
lNSTAR v1 v2 F (y1,v2) SIGN! F. 
·----
c: 
1 _) 6 B3 4.563 o.cm 
5 ,lj() 5,1!2 5.44 5.46 
2 76 5 2 1 8 L! 3 7 B4 11.721 0.001 
5.57 5.59 5.61 5.63 
3 7 16 5 2 4 8 3 7 152 5.456 0.001 
5,74 5.75 5.78 
c: 1 2 7 3 64 8 _) 4 7 152 11.195 0.001 
5.96 5.98 6.00 6.02 
5 
6 53 2 7 1 4 8 7 152 4.304 0.001 
6.27 6.28 6.29 
6 3 4 52 1 7 68 7 152 11.076 0.001 
6.58 6.60 6.62 6.64 
7 
lj 5 2 13 8 67 7 152 9.682 0.001 
6.98 7.00 7.02 
8 5 8 21 3 4 7 6 7 152 21.239 o.cm 
7.27 7.31 7.35 
9 8 5 2 37 16 4 0.001 7 152 7.618 
7.58 7.62 7.66 
the measurements were analysed per instar and are 
also represented as such : stage till stage 9 on 
the vertical axis, stage 9 being the adult stage. 
Each line thus represents the results of one ANOVA. 
On the horizontal axis, the mean values of 20 
measurements for each of the 8 samples are indicated 
by the sample number. For each instar, a 95% 
confidence bar, calculated from the standard error of 
differences of means (S.E.D.) is also given. This 
bar indicates that there is a 95% chance that the 
difference between two sample means is real and 
significant, if the graphical difference between 
those two means is larger than the length of the bar. 
On the right side of the graph, the F-value, degrees 
of freedom v and v and the level of significance 
1 2 
are listed for each ANOVA. All F-values seem to 
reflect a highly significant variation both for 
length and height. Results of analyses on length and 
height measurements are reasonably well in agreement 
with one another, especially in the larger instars. 
Table 3.2 gives the results of the two-way ANOVA on 
the length-height ratio, calculated as ln(length)-
ln(height). All three sources of variation (time, 
instars & time x instar) prove to have a highly 
significant effect. Mean values of length-height 
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TABLE 3.2 
Two-way ANOVA on ln(length) - ln(height) for 8 samples from Lake 
Bathurst and 9 instars of Mytilocypris henricae (1 combination 
missing) 
source 
time 
in star 
time x instar 
F 
(v1,v2) 
42.411 
2014.572 
4.857 
76 
v 
7 
8 
55 
v 
2 
1331 
1331 
1331 
signific. 
P<O .001 
P<0.001 
P<0.001 
ratios (on a logaritmic scale) for instars 7 to 9 are 
plotted in fig 3.14. 
3.3.3. Experiments 
The results of the one-way ANOVA's of 
ln(length),ln(height) and ln(IMP) for the temperature 
series are presented in tables 3.3-3.5. For the 
salinity series these results are given in tables 
3.6-3.8. 
These tables present the same information as figures 
3.4-3.5. The value in the column "95% confid." is 
computed from the S.E.D. and indicates the 95% 
confidence limit for the differences of the means. If 
these differences are larger than the latter value, 
th~n there is a 95% probability that the observed 
difference is real and significant. 
Temperature has a highly significant effect on the 
absolute size (length and height) in the seven first 
instars and on the IMP in the six first instars. The 
effect of salinity on the length and height is less 
clear a highly significant effect on length in 
stage 1, 2, 3, 6, 7, 8 and on the height in stages 1, 
4, 5, 7 is detected. The effect of salinity on the 
IMP is highly significant on the 4 first instars 
only. 
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Stage ln(length) for temperatures (in °C) 
10C 15C 20C 25C 
1 5.8683 5.8611 5.8937 5.8645 
2 6.1342 6.1412 6.1655 6.1415 
3 6.3583 6.3676 6.3900 6.3503 
4 6. 6177 6.6434 6.6168 6.5811 
5 6.9529 6.9866 6.9327 6.8849 
6 7.3231 7.3524 7.2943 7.2423 
7 7.6822 7.7001 7.6372 7. 5095 
8 7. 9773 7.9658 7.9267 -
9 - 8.2560 8.2560 -
TABLE 3.3 
95% 
confid. 
0.0125 
0.0079 
0.0107 
0.0151 
0.0219 
0.0330 
0.0475 
0.0959 
0.1202 
F(v1,v2) v1 
13.380 3 
28.030 3 
27. 100 3 
17.760 3 
24.400 3 
16.160 3 
28.050 3 
3.082 2 
0.000 1 
v2 signif. 
233 0.001 
266 0.001 
238 0.001 
191 0.001 
144 0.001 
105 0.001 
77 0.001 
32 NS 
3 NS 
ANOVA's of ln(length) of 9 instars of Mytilocypris henricae in the postembryonal ontogeny 
experiments. Source of variation : temperature. 
(95% confidence limits are calculated from the Standard Error of differences of means). 
Stage ln(height) for temperatures (in °C) 
10C 15C 20C 25C 
1 5.4901 5.4896 5.4383 5.4921 
2 5.6040 5.6052 5.6164 5.6006 
3 5. 7723 5.7805 5. 7794 5.7592 
4 6.0118 6.0159 5.9797 5.9582 
5 6.3050 6.3030 6.2667 6.2219 
6 6.6421 6.6387 6.5870 6.5413 
7 6.9960 6.9823 6.9335 6.8225 
8 7.2841 7.2807 7.2514 -
9 - 7.5750 7.5550 -
TABLE 3.4 
95% 
confid. 
0.0179 
0.0087 
0.0090 
0.0119 
0.0151 
0.0235 
0.0444 
0.0817 
0.1464 
F v (v1 ,v2 ) 1 
20.570 3 
5.702 3 
9.654 3 
34.507 3 
39.636 3 
30.526 3 
24.678 3 
2.321 2 
0.0720 1 
v2 
234 
266 
238 
191 
144 
105 
77 
32 
3 
ANOVA's of ln(height) of 9 instars of Mytilocypris henricae in the postembryonal 
ontogeny experiments. Source of variation : temperature. 
(95% confidence limits are calculated from the Standard Error of differences of 
Means). 
signif. 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
NS 
NS 
Stage ln(IMP) for temperatures (in °C) 
10C 15C 20C 25C 
1 0.877 0.439 0.169 0.068 
2 2.213 1.393 0.859 0.689 
3 2.753 1.769 1.460 1.523 
4 2.668 1.900 1.805 1.551 
5 2.717 1. 945 1.898 1. 712 
6 2.531 2.110 2.135 1.946 
7 - 2.740 2.651 -
8 - 3.148 2.887 -
TABLE 3.5. 
95% 
confid. 
0.1135 
0.0719 
0.1087 
0.1692 
0.1667 
0.2791 
0.2047 
0.3767 
F v (v1 ,v2) 1 
66.111 3 
592.341 3 
191.821 3 
48.884 3 
44.013 3 
4.461 3 
0.731 1 
1.866 1 
v2 
278 
260 
202 
147 
112 
73 
32 
3 
ANOVA's of ln(IMP)of 8 larval instars of Mytilocypris henricae in the postembryonal 
ontogeny experiments. Source of variation : temperature. 
signif. 
0.001 
0.001 
0.001 
0.001 
0.001 
0.01 
NS 
NS 
(95% confidence limits are calculated from the Standard Error of differences of Means). 
Stage 
1 
2 
3 
4 
5 
6 
7 
8 
9 
TABLE 3.6 
ln(length) for salinity (.10-3 ) 
4 8 16 
5.8767 5.8937 5.8748 
6.1567 6.1655 6.1474 
6.3729 6.3900 6.3637 
6.6251 6.6168 6.6241 
6.9534 6.9327 6.9423 
7.3241 7.2943 7.2747 
7.6593 7.6372 7.5890 
7.9556 7.9267 7. 8776 
8.1840 8.2560 8.1480 
95% 
confid. 
0.0109 
0.0067 
0.0086 
0.0127 
0.0143 
0.0183 
0.0198 
0.0320 
0.0963 
F(v1,v2) v1 v2 signif. 
7.984 2 186 0.001 
16.026 2 209 0.001 
21.680 2 202 0.001 
1.107 2 194 NS 
4.065 2 179 0.05 
14.292 2 158 0.001 
26.711 2 120 0.001 
12. 178 2 51 0.001 
2.448 2 6 NS 
ANOVA's of ln(length) of 9 instars of Mytilocypris henricae in the postembryonal ontogeny 
experiments. Source of variation : salinity. 
(95% confidence limits calculated from the Standard Error on differences of Means). 
Stage ln(height) for salinity (.10- 3 ) 
4 8 16 
1 5.4885 5.4383 5.4973 
2 5.6128 5.6164 5.6226 
3 5.7751 5. 7794 5.7832 
4 5. 9883 5.9797 6.0105 
5 6.2663 6.2667 6.2817 
6 6.5964 6.5870 6.5829 
7 6.9343 6.9333 6.8976 
8 7.2404 7.2514 7.2104 
9 7.4700 7.5550 7.4750 
TABLE 3.7 
95% 
confid. 
0.0176 
0.0084 
0.0077 
0.0096 
0.0097 
0.0134 
0.0169 
0.0297 
0.0991 
F(v1,v2) v1 
28.850 2 
2.186 2 
1.712 2 
21.573 2 
6.072 2 
2.045 2 
13.097 2 
4.496 2 
1.476 2 
v2 signif. 
187 0.001 
209 NS 
202 NS 
194 0.001 
179 0.01 
158 NS 
120 0.001 
51 0.05 
6 NS 
ANOVA's of ln(height) of 9 instars of Mytilocypris henricae in the postembryonal ontogeny 
experiments. Source of variation : salinity. 
(95% confidence limits calculated from the Standard Error of differences of Means). 
stage ln(IMP) for salinity 
4 8 
1 0.316 0.169 
2 0. 999 0.859 
3 1.625 1.460 
4 1.839 1.805 
5 1.967 1.898 
6 2.203 2.135 
7 2.439 2.651 
8 3.040 2.890 
TABLE 3.8 
.10-3 ) 
16 
0.347 
1.098 
1.447 
1.578 
1.849 
2.288 
2.580 
2.710 
95% 
confid. 
0.0975 
0.0630 
0.0713 
0.1052 
0.1013 
0.1395 
0. 1653 
0.6206 
F(v1,v2) v1 v2 signif. 
7'. 963 2 262 0.001 
29.009 2 256 0.001 
13.607 2 232 0.001 
13.049 2 194 0.001 
?..574 2 160 NS 
2.579 2 119 NS 
3.501 2 52 0.05 
0.621 2 2 NS 
ANOVA's of ln(IMP) of 8 larval instars of Mytilocypris henricae in the postembryonal ontogeny 
experiments. Source of variation : salinity. 
(95% confidence limits are calculated from the Standard Error of differences of Means). 
The ANOVA's on the values of the intercept (B ) and 
0 
the regression coefficient or slope (B ) for the 
linear regressions between age and length and age and 
height are presented in Table 3.9 for the temperature 
series and in Table 3.10 for the salinity series. 
Temperature causes large variation in both length and 
height. The effect of salinity is mostly not 
significant. Only B in the regression age versus 
0 
length shows variation that is significant on a 1% 
level (table 3.10). 
The linear growth curves are presented in figs 3.6 -
3. 11. The graphs which show both the growth curves 
and the means of the real sizes illustrate the 
goodness of fit of the linear regression (figs 3.6 
and 3. 9) . The graphs with I ines of different 
treatments from the temperature series moreover show 
the large effect of temperature on the slope of the 
curve, on the IMP and on the absolute size reached by 
each instar in different temperatures (figs 3.7 and 
3. 8) . Similar graphs of the salinity series 
illustrate the lesser effect of salinity on these 
factors (figs 3.10 and 3.11). 
The result of the two-way ANOVA on the length-height 
ratios in the different treatments are described in 
tables 3.11 and 3.12. For both temperature and 
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salinity series, all three sources of variation 
(treatment, instar, treatment x instar) show highly 
significant variation. This means that the two 
environmental factors have an important effect on the 
shape; that the shape also changes between different 
instars and that these inter-larval changes differ 
significantly under the different temperature and 
salinity treatments. 
The latter is illustrated in figs 3.12 and 3.13, 
where the mean values of these ratios are plotted 
against the instar. These curves are not always 
parallel to one another, but frequently cross each 
other. See for example fig 3.13 where the length-
-3 -3 
height ratio at 8=8~10 is larger than at 8=4~ 10 
in stage 1. The two treatments show the same ratio 
in stage 4, while in the adult stage, the ratio is 
-3 -3 
larger at 8=4~10 than at 8=8~10 The fact that 
this is a significant effect is illustrated by the F-
value for treatment x instar. The latter graphs also 
show that there is never a significant difference 
between stage 6 and stage 7 (for the same treatment) 
and that from stage 5 onwards, 
-3 
animals in 8=4~10 
have the highest ratio and those in 
-3 
S= 16 :l'-1 0 the 
smallest, 
-3 
while S:8 x 10 is intermediate. These 
results seem to indicate that in lower salinities 
animals develop a more elongated shell. 
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3.4 DISCUSSION 
3.4.1. Methodology 
As stated above, growth in Crustacea is usually 
investigated by analysing the two components, IMP and 
MI, separately. 
Plots of IMP versus age (or size) are statistically 
acceptable, but are not very helpful while dealing 
with animals with determinate growth, b~cause there 
is no simple regression between both measures. 
Therefore, the effects of the different envir~ental 
factors on this component of growth were here 
analysed with a one-way ANOVA. Normally, IMP should 
-1 
have been analysed as (age) but this ANOVA proved 
to be invalid as the Residual Mean Squares (RMS) 
between stages were different with a factor 300. 
When the ANOVA was carried out on ln(IMP), the 
differences between the RMS were reduced to a factor 
3, which is acceptable. 
The analysis on the second component, the MI, is much 
more difficult. It is not possible to compute 
regressions between MI and age (or size), for 
example, because values of MI are not independent of 
one another. For example : compare MI for the moult 
of stage n to stage n+1 
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L 
(n+1) 
L 
(n) 
(3.4) 
with the MI for the moult from stage n+1 to stage n+2 
L 
(n+2) 
L 
(n+1) 
calculated according to expression 3.1. 
(3.5) 
The value of L occurs in both formulae, causing 
(n+1) 
the two values to be mutually dependent. The same is 
true for the MI's calculated with expression 3.2. 
Another method to assess the MI was developed by 
Hiatt (1948) and was named after him. In these 
Hiatt-curves, postmoult size was plotted against 
premoult size. Hiatt fitted a straight line by eye 
through these points. Kurata (1962) largely used 
this technique to evaluate growth in various groups 
of Crustacea. He found numerous inflexion points, 
which he correlated mainly with start and end of 
sexual maturation. Maucheline (1976) however, proved 
that a Hiatt-curve in animals with indeterminate 
growth is actually a hyperbola, thus weakening 
Kurata's theory on the importance of the inflexion 
points. Hartnell (1983) furthermore pointed out that 
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also in this technique a certain degree of mutual 
dependence in inevitable, as 
X = y (3.6) 
in all situations. This is inherent in the 
definition of the Hiatt-curve. For the same reason 
that MI versus age correlations are not valid, the 
Hiatt-curve can~ot be used. 
\_; 
In spite of the fact that growth factors constitute a 
strong tradition in literature on growth in 
Crustacea, it is inadvisable to make any use of them 
for statistical analyses. 
Therefore, MI is not investigated directly in this 
work. The approach is the inverse of what is now 
common in growth studies on animals with 
indeterminate growth, where regressions of log(IMP) 
on size and log(MI) on size are computed first and 
afterwards growth curves age versus size are 
calculated. In the present study first growth curves 
are fitted and afterwards deductions are made about 
the different components. 
From the different regressions which were carried 
out, the linear regression of age on size proved to 
give the best fit. Expressing the goodness of fit, 
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however, is again not straight forward. A number of 
difficulties exist when correlation coefficients for 
these data are computed, because sizes of different 
in stars of the same individual are mutually 
dependent. Calculating the degrees of freedom for 
one treatment, which consists of a number of 
independent individuals, each with a number of 
dependent instars, would become very complicated. It 
would require the application of statistical 
techniques which are beyond the scope of this work. 
Correlations of the individual regressions suffer, of 
course, from the same difficulty.(If sizes of the 
different instars of one individual are assumed 
independent, the correlation coefficient of all 620 
computed linear regressions would be significant on a 
0.1% level). The goodness of fit of the curves is 
illustrated graphically in figs 3.6- 3.11. 
3.4.2. Number of instars 
Most Recent podocopid ostracods for which the larval 
development is known have 8 larval stages and 1 adult 
stage. Amongst the exceptions are Cypridopsis 
parvoides, which has 9 larval stages and one adult 
stage (Gillandt, 1977) and Candona neglecta (in 
Heitkamp, 1979), Cypria fretensis (in Deevey et al., 
1980) and Xestolebris aurantia (in Hagerman, 1978) 
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which are believed to go through only 7 larval stages 
after hatching. Kurata (1962) reports 7 larval 
stages and an adult stage for Cyprinotus spec. This 
is very unlikely, as for species in this genus, 
(fepeatedlyJ 8 + stages have been reported~ 
(Wohlgemuth 1914, Schreiber 1922, Semenova 1978). In 
all investigated conditions it was found that 
Mytilocypris henricae had the normal 8+1 stages. 
3.4.3. Samples 
The results of these analyses are not readily 
as the source of variation "time" (date 
of sampling) covers a mixture of differences in 
environmental and other conditions : 
differences in temperature (winter, sum-
mer, ... ) 
different salinities due to drought 
conditions, the salinity in the last sample 
was known to be about twice as high as in the 
first sample. 
different generations : there are probably 
three suc~ssive generations per year (see 
chapter 4). 
Therefore, from these results one can only conclude 
that in the same waterbody, significant differences 
can be found in size (length, height) and shape (e.g. 
L:H ratio) of one species. This should caution 
taxonomists who use biometrical data and ratios to 
separate taxa. 
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3.4.4. Experiments 
3.1+.4.1. Effects of temperature on growth 
Klugh (1927, in Kesling 1951) was the first to 
mention the effect of temperature on growth in 
ostracods. He found that animals grow slower at 
lower temperatures (growth was expressed as increment 
in length per week). Mikulic (1954) wrote on the 
effects of temperature on the duration of the larval 
development, hence IMP. Also this author found that 
the complete postembryonic development takes longer 
at lower temperatures. Wise (1960) found a 
difference in size between ostracods raised from 
dried mud in an aquarium and ostracods collected from 
the natural environment. He does not mention the 
name of the species he investigated. Amongst others, 
temperature is probably one of the most important 
factors responsible for the differences he found. 
Theisen (1966) and Hagerman (1978) both demonstrated 
a relationship between IMP (time of development) and 
temperature 
temperatures. 
the IMP is longer at lower 
The one-way ANOVA's on intercept and slope of the 
growth curves (Table 3.9) show that temperature has a 
significant effect on the position of the curves. 
From the graphical representation of these curves 
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TABLE 3.9 
One-way ANOVA of B and B for linear regressions age versus 
0 1 
length and age versus height, all with degrees of freedom >:4. 
Data from postembryonal ontogeny experiments. Source of 
variation : temperature. V1=3, V2=132. (L = length, H =height). 
variate 
L 
B 
0 
B 
10C 
348.50 
19.330 
mean size for T= F signific. 
15C 20C 25C (v1,v2) 
313.65 369.53 379.40 10.006 P<0.001 
49.847 52.623 55.035 47.552 P< 0. 001 
-----------------------------------------------------------------
B 224.65 201.29 221. 17 239.24 8.027 P< 0. 001 
0 
H 
B 8.915 22.987 24.522 23.935 46.615 p< 0. 001 
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FIGURE 3.6. 
Growth curves for age versus length of carapace for 
the postembryonal ontogeny experiments on 
Mytilocypris henricae temperature series. Solid 
lines : computed curves; dots : mean values of length 
and age for experimental specimens which reached 
stage 5 and beyond. A = 10C, B = 15C, C = 20C and D 
= 25C. 
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temperature series. Suctssive moults in each treatment are 
indicated. 
E 
E 
1.5 
1- 1.0 
::r: 
C!) 
w 
::r: 
0.5 
20 40 60 AGE davs 
FIGURE 3.8. 
Computed growth lin~~ for age versus height of carapace for the 
postembryonal ontogeny experiments on Mytilocypris henricae, 
temperature series. Su<fessive moults in each treatment excert 2.5C! 
are indicated. 
(figs 3.6 - 3.8) it becomes clear that mainly the 
position of the curve of the 10C experiment differs 
from the other temperatures. The curves of 15C, 20C 
and 25C run close to one another, but are still 
significantly different from one another. 
The IMP is longer at lower temperatures (table 3.5, 
see also figs 3. 7 and 3.8). Ostracods are 
significantly longer in lower temperatures from stage 
4 onwards (table 3.3. and 3.4), although 10C is an 
exception. 
It can be concluded from experiments at 15C, 20C and 
25C that animals grow slower in lower temperatures, 
but eventually grow larger. Animals at 10C grow at 
the slowest rate of all, than 
bY 2.0 C 
those at 15~he latter temperature constitutes the 
optimum temperature in these experiments. 
Results for length and height are reasonably well in 
agreement with one another, although growth curves 
for experiments at 20C and at 25C for height run 
closer to each other than for length. Length-height 
ratios differ significantly in the four temperature 
treatments, but no clear pattern can be detected 
(table 3.10, fig 3.12). The differences between 
I 
instars show a constant tendency animals grow more 
elongated each instar untiL the 6th stage. From 
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(:for Ia.& le ,;. 10 4ee p· 0t3) 
TABLE 3. 11 
Two-way ANOVA for ln(length) - ln(height) of Mytilocypris 
henricae. Data from postembryonic ontogeny experiments, 
temperature series (4 temperatures and 9 instars, 3 combinations 
missing). 
Source 
temperature 
in star 
. temp. x in star 
F 
(v1,v2) 
278.126 
1246.680 
25. 138 
97 
v 
3 
8 
21 
v 
2 
1289· 
1289 
1289 
signific. 
p< 0. 001 
p<o .oo 1 
P<0.001 
then on they either keep approximately the same ratio 
or they grow a bit less elongated. 
3.4.4.2. Effects of salinity on growth 
The most recent account on the relation between 
salinity and size in ostracods is given by Van Harten 
( 1975), who found a negative correlation between 
mean length of Cyprideis torosa and environmental 
salinity in different localities. Van Harten's data 
however, was obtained in the field and therefore many 
factors remained uncontrolled, e.g. temperature, 
food, crowding, competition, etc. Furthermore, there 
were no data on the salinity for the various 
environments he sampled for the early developmental 
stages of the animals. A comparison of the present 
results with those of Van Harten is therefore very 
difficult. 
From table 3.11 and figs 3.9- 3.11, it appears that 
salinity has no significant effect on the position of 
the growth curves. Tables 3.6 - 3.8 show that 
effects of salinity on ln(length), ln(height) and 
ln(IMP) are sometimes significant and sometimes not. 
The picture is very confusing and there is no 
recognisable pattern, nor any agreement between 
results on length and those on height. Taking into 
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TABLE 3.10 
One-way ANOVA of B and B for linear regressions age versus 
0 1 
length and age versus height with degrees of freedom>= 4. Data 
from postembryonal ontogeny experiments. Source of variation 
salinity. v1=2, v2=171. (L =length, H =height). 
variate 
L 
H 
B 
0 
B 
1 
B 
0 
B 
1 
mean size for S= F 
4 .x 1 0 ( - 3 ) 8 J< 1 0 ( - 3 ) 1 6 x1 0 ( - 3 ) ( v 1 , v 2 ) 
340.61 369.58 356.82 4. 10Q 
52.660 52.668 53.025 0.017 
216.46 221.21 224.06 0.993 
23.601 24.573 24.955 0.805 
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signific. 
P<0.01 
NS 
NS 
NS 
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Computed growth curves for age versus length of carapace for the 
postembryonal ontogeny experiments on Mytilocypris henricae, 
salinity series. As differences between curves are not 
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Computed growth curves for age versus height of carapace for the 
postembryonal ontugeny experiments on Mytilocypris !:J.::.nricae, 
salinity series. See remark fig 3. 10. 
account the very small variation within one 
treatment, we can probably conclude that neither 
length nor height are significantly affected by 
salinity. 
Table 3.12 and fig 3.13 show that the length-height 
ratio is significantly affected by all three sources 
of variation. The ratios differ significantly 
between the three salinity treatments, and from stage 
5 onwards, a negative correlation emerges animals 
in lower salinities grow more elongated. The 
implication of such a relation are important, mainly 
for the interpretations of fossil material and 
reconstruction of palaeoenvir~ents. However, other 
factors may also affect this ratio, viz. temperature 
as said before. Experiments illustrating the 
combined effect of temperature and salinity on the 
shape of the animal are necessary before this 
parameter can be used for reconstruction of 
palaeosalinities and/or temperatures. 
As an example, mean values of the length-height ratio 
of stage 7 till stage 9 for the 8 samples of Lake 
Bathurst were plotted in fig 3.14. In spite of the 
fact that salinity is known to have almost doubled 
between the time of the first and the last sample, 
there is no clear and constant increase in the ratio. 
More research of this type is necessary to test the 
hypothesis. 
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TABLE 3.12 
Two-way ANOVA for ln(length) - ln(height) of Mytilocypris 
henricae. Data from ontogeny experiments, salinity series (3 
salinities, 9 instars, no combinations missing). 
Source 
salinity 
in star 
salinity x instar 
F 
(v1,v2) 
38.533 
1450.962 
19.384 
104 
v 
, 
2 
8 
16 
v 
2 
1305 
1305 
1305 
signific. 
P<O .001 
P<0.001 
P<O .001 
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FIGURE 3.12. 
Length-height ratio of carapace (on a In-scale) for 9 instars of 
Mytilocypris henricae in the postembryonal ontogeny experiments, 
temperature series. 95% confidence bars indicated for variate 
"treat" (temperature) and "instar". A = 10C & 15C; B = 20C & 
25C. 
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FIGURE 3. 13. 
Length-height ratio of carapace (on a ln-scale) for 9 instars of 
Mytilocypris henricae in the postembryonal ontogeny experiments , 
salinity series. 95% confidence bars for variates "treat" 
(salinity) and "instar" are indicated. 
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Length-height ratio of carapace (on a ln-scale) for stage 7,8 and 
9 of Mytilocypris henricae in 8 samples from Lake Bathurst. 95% 
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3.4.5. General discussion and conclusions 
In all experiments, age versus size plots were fitted 
with linear curves. Semenova (1980) also writes that 
growth in Isocypris priomena and Limnocythere 
inopinata is linear. Semenova reached this 
conclusion in spite of the fact that temperature was 
never monitored in her experiments, nor did she 
compute any regressions for the data. 
Hartnell (1983) presents a logarithmic model of 
growth for Crustacea with determinate growth. 
However, as not enough data on growth strategies for 
these animals are available, no attempt will be made 
here to derive a general equation. 
No doubt it is true that a much better regression 
could be fitted to the present data. But this 
regression would necessarily be more complicated, and 
it is doubtful whether it would fit data on other 
species from different experiments (see for example 
the attempts of Kurata ( 1962), Gillandt ( 1977) and 
Heitkamp ( 1978)). Deriving a general equation is 
therefore thought to be useless with present 
knowledge. Considering growth to be linear in the 
present experiments is furthermore a very acceptable 
approximation of the true growth. 
108 
When growth is linear, it does not necessarily mean 
that the MI is identical for each moult. It means 
that MI and IMP compensate each other each 
deviation of the MI means that a similar deviation of 
the IMP occurs and vice versa. This is illustrated 
in fig 3.15. 
Given an animal which moults from stage n to stage 
n+1 with MI After a certain amount of time, 
(n,n+1) 
equal to IMP ,the animal moults from stage n+1 to 
( n+ 1) 
stage n+2 and increases its size with MI 
(n+1 ,n+2) 
Suppose 
MI > MI 
(n+1,n+2) (n,n+1) 
If 
IMP = IMP 
( n+ 1 ) ( n) 
then the point on the growth curve which represents 
size and age of stage n+2 would be in position ( 1), 
this is deviating from the linear curve. 
However, if 
IMP 
( n+ 1) 
IMP 
(n) 
MI 
(n+1,n+2) 
MI 
(n,n+1) 
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SIZE 
MI (n+l ,n+2) 
s 
n IMP IMP 
n n 
I 
IMP n+l 
AGE 
n-1 n n+l n+2 
FIGURE 3.15. 
Schematic illustration of the implications of the linear growth 
model on the interaction between MI and IMP. For explanations, 
see text. 
which means 
IMP > IMP 
(n+ 1) ( n) 
then the point representing age and size of stage n+2 
will be in position (2), this is on the linear curve, 
when the difference between both IMP's is in the same 
order of magnitude as the difference between the two 
MI's. 
This is the reverse situation of animals with 
indeterminate growth, where IMP and MI work in the 
opposite direction IMP always gets longer with 
5 • SUCCeflVe moults, while MI gets smaller. This leads 
to an assymptotic growth (see fig 3.3). 
The effects of temperature and salinity on the 
position of the growth curves are different. 
Temperature has a highly significant effect on 
intercept and regression coefficient, as can be seen 
on figs 3.7 and 3.8. Salinity does not have any 
significant effect (figs 3.10 and 3.11). 
The same is true for the absolute size length and 
height and the IMP temperature always has a highly 
significant effect, salinity is probably not 
important for these measurements in M. henricae. 
The absence of significant effects by principally 
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temperature in stages 8 and 9 is probably due to the 
fact that none or very few data on these stages are 
available under the different treatments. This is 
unfortunate, as no complete picture can be provided. 
However, as becomes clear from the calculated sizes 
for the 15C and 20C experiments, size of adults is 
expected to be significantly different in both 
treatments (fig 3.7 and 3.8). This is furthermore 
substantiated by the significant differences in adult 
size between the 8 samples, which are probably caused 
by at least one of the investigated variates (figs 
3. 4 and 3 . 5) . 
The length-height ratio, partly describing the shape 
of the valves, is significantly affected by 
temperature and salinity and differs according to 
each instar. This ratio changes from a rounded shape 
in the first instar, which has just hatched from a 
spherical egg, to its most elongated shape at stage 
6. From then on the animal can either maintain its 
ratio or become a bit. less elongated. The effects of 
temperature are significant.,but. they do not. follow a 
clear pattern. Lower salinities, however, seem t.o be 
correlated with a more elongated shape from stage 5 
onwards. 
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As was stated above, a proper comparison with most of 
the literature is at present either impossible or 
invalid. It should become clear from now on that 
nothing can be said about growth in ostracods, by 
relying only on data obtained from field samples or 
from experiments for which temperature and other 
conditions are not monitored. Fig 3.16 shows a few 
examples of results from such experiments. 
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Chapter 4 
ON THE SEASONAL DISTRIBUTION OF OSTRACODS 
115 
4.1. PREVIOUS WORK 
Information on the seasonal distribution of ostracods 
is scattered throughout the literature. Earlier 
attempts to compile this information for marine 
ostracods have been made by Elofson ( 1941), Tressler 
and Smith (1948) and Theisen (1966). Hartmann (1975) 
discussed seasonal occurrence of both marine and non-
marine ostracods. 
The existing data cover a diverse field of topics and 
are seldom presented in a uniform way. The duration 
of the larval development or generation time, for 
example, is presented either as the period from 
hatching to maturation, as the period between 
hatching of successive generations or as the period 
between hatching and final moult. This makes it hard 
to give a general interpretation of these data. 
The following is a summary of the theories on 
seasonal 
ostracods 
occurrence of fresh- and saline water 
as originally developed by Wohlgemuth 
( 1914) and Alm (1916) and interpreted by Theisen 
(1966) and Hartmann ( 1975). All these authors agree 
in that ostracods either occur seasonally or can be 
found throughout the year. Also seasonal forms can 
be divided into spring forms and summer forms. 
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According to Alm (1916) and Theisen (1966), perennial 
forms are active throughout the year, either as 
larvae or as adults. Hartmann (1975) however, 
follows Hartwig ( 1901, in Theisen 1966), Wohlgemuth 
(1914) and Klie ( 1938) in arranging the species 
according to the season in which adults occur. 
Hartmann divides the spring forms in two groups : 
1. true 
generation 
summer. 
spring forms, with one fast 
in spring, which disappears in 
2. Species which are present throughout the 
year, but with mature animals only (or 
mainly) in spring. Theisen (1966) on the 
other hand, regards this group as perennial 
forms. 
A similar approach was followed by Hiller (1972), who 
distinguished two main types of strategies, relying 
on the presence or absence of adults in different 
seasons stenochromal and eurychromal species. In 
the stenochromal species, spring, summer, autumn and 
winter forms are distinguished. Eprythermal species 
have adults all year round. 
These systems are based mainly on observations in the 
temperate region of western Europe. Hartmann (1975) 
has already stressed that the first classification 
can not be used as such for other climatic regions of 
the world. For example, species of Cypris and of 
Eucypris occur in western Europe as summer forms but 
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are absent in the Arctic and occur as perennial forms 
in tropical and subtropical regions (Hartmann, 1975). 
Hence, it becomes clear that the present 
classifications of seasonal distribution do not 
relate directly to the biology of the animal. 
118 
4.2. A NEW APPROACH 
Table 4.1 presents data on the biology of some 
ostracods, selected from more complete studies. More 
fragmentary data on seasonal occurrence of many 
species can be found in Wohlgemuth (1914), Alm 
(1916), Schreiber (1922), Klie (1938), Bronstein 
(1947) and T~tart ( 1974). 
In this table, the duration of the larval development 
represents the time between hatching and the final 
moult. These data are mostly based on field 
observations, sometimes combined with laboratory 
cultures. They are only preliminary because 
environmental conditions were not listed. It became 
clear from chapter 3 that r temperature has tn ajor 
effect on the IMP, hence the total duration of 
the larval development. 
Upon comparing these figures in table 4.1, it appears 
that three main factors are important in determining 
the seasonal distribution of ostracods 
1. Temperature tolerance 
This is considered here to be most important. In 
determining the temperature tolerance, one has to 
bear in mind that there is a difference between 
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SPECIES 
Cypridcis torosa 
Cypridcis torosa 
Leptocythere laccFtosa 
Loxoconcha elliptica 
EZofsonia baltica 
CytheFum gibba 
Cythemis fischeri 
Cytherois arenieola 
lieterocypris salina 
Sapscypridopsis aculeate 
Cypridopsis vidua 
Potamocyp~:s smaragdina 
Physocypria pustulosa 
Hetepocypris carolinensis 
HeteFocypris caFolinensis 
Candona oFangebuFgensis 
Darninula stevenson~· 
Darninula stevensoni 
Notodromas monacha 
Heterocypris incongFuens 
HeFpetocypris reptans 
Candona cand1:da 
Isocyvris pFiomena 
LimnocytheFe inopinata 
TABLE 4.1. 
SEASONAL 
DISTRIB. 
all year 
all year 
all year 
all year 
Apr-Aug. 
May-Oct. 
May-Nov. 
May-Nov. 
May-Nov. 
June-Dec. 
all year 
Mar-Oct. 
Mar-Sept 
Jan-May 
wet per. 
Jan-Apr. 
all year 
all year 
Apr-Sep. 
Apr-June 
wet per. 
all year 
May-Nov. 
May-Nov. 
ADULTS 
PRESENT 
TEMP. 
FIELD 
all year 0 - 20 
all year 0 - 25 
all year 0 - 20 
all year 0 - 20 
June-Aug 5 - 15 
June-Oct 10- 20 
June-Nov 10- 20 
June-Nov 10- 20 
June-Nov. 5 - 20 
July-Nov. 5 - 20 
all year ? 
Apr.-Oct ? 
Mar-Sept ? 
Jan-May 
wet per. 6 - 15 
Jan-Apr. ? 
all year ? 
all year ? 
May-Sep. 5 - 25 
May-June ? 
wet per. 6 - 15 
Jul-Apr. 4 - 25 
Jun-Nov. 3 - 20 
May-Nov. 5 - 25 
NR. OF 
GENER. 
2 
2-3 
2 
? 
3 
3 
2-3 
2-3 
2 
2 
2 
1-2 
1-3 
2-3 
4+ 
A/P HIBERN. L.DEV. REFERENCE 
A Ad+Lar. 56 Theisen 1966 
A Ad+Lar. 56-69 Heip 1976 
A Ad+Lar. 42-49 Theisen 1966 
A Ad+Lar. 28-63 Theisen 1966 
A eggs 30-35 Theisen 1 966 
A eggs 25-30 Theisen 1966 
A eggs 21-31 Theisen 1966 
A eggs 14-24 Theisen 1966 
p eggs 20-30 Ganning 1971 
p eggs 30 Ganning 1971 
p eggs 63-106 Ferguson 1944 
A eggs 60-98 Ferguson 1944 
A eggs 30-79 Ferguson 1944 
? eggs ? Ferguson 1 958 
p eggs 45 Me Lay 1978a 
? eggs Ferguson 1958 
p Ad+Lar. Me Gregor 1969 
p Ad+Lar. 900 Ranta 1979 
A eggs ? Tetart 1971 
p eggs 30 Semenova 1978 
p eggs 190 Me Lay 1978a 
A Adults 70-85 Semenova 1979 
p eggs 43 Semenova 1980 
p eggs 26 Semenova 1980 
Data on the seasonal distribution and lifecycle of some saline and freshwater ostracods species, 
from the literature. (A/P : amphigenetic or parthenogenetic; L.Dev. = duration of the larval 
development in days; Temp. field= temperature tolerated in fieldconditions, in degress Celcius). 
temperature ranges in which adults can survive, and 
the temperatures necessary for reproduction and egg 
hatching. 
Species can be 
STENOTHERMAL forms. 
divided into EURYTHERMAL 
Stenothermal forms can 
and 
be 
further divided into WARM STENOTHERMAL and COLD 
STENOTHERMAL species. 
Species that disappear completely during a certain 
period of the year, without the waterbody drying up 
or other environmental conditions changing 
drastically, are here considered stenothermal. 
2. Duration of the larval development 
As is shown in chapter 3, the Intermoult Period (IMP) 
and therefore duration of the larval development is 
largely dependent on temperature. Nevertheless, 
large interspecific differences, which are not due to 
environmental effects, become clear from table 4.1. 
For example, the average larval development of 
Loxoconcha elliptica takes about 3 times as long as 
in Cytherois arenicola in the same environment 
(Theisen 1966). Both species, however, yield the 
same number of generations per year (2-3). The 
larval development of Candona candida takes about 
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three times as long as in Limnocythere inopinata in 
similar environments (Semenova 1979, 1980). In this 
case, the latter species yields more than 4 
generations in less than a year, whereas the former 
species produces 1 yearly generation. 
We can conclude that the duration of the larval 
development is not to be unequivocally equated with 
the number' of generations per year, although in some 
cases it can at least partly determine this number. 
3. Resting eggs and subitaneous eggs 
Resting eggs will not develop for a certain period 
after being laid, due to physiological (internal) 
factors, even when environmental (external) 
conditions are favourable (Theisen 1966, Tetart 1970, 
1971). One has to make a clear distinction between 
resting eggs and dry resist~nt eggs which can last 
through an unfavourable period, but which will hatch 
almost immediately when conditions are suitable, 
regardless whether this is directly after being laid 
or a certain period afterwards. 
Hypothetically, egg batches may either consist 
exclusively of resting eggs, can be a mixed 
assemblage of resting eggs and subitaneous eggs or 
may be completely devoid of resting eggs. 
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4.3 A NEW CLASSIFICATION 
1. EURYTHERMAL SPECIES 
1.A. Opportunistic species 
These forms have a rapid larval development and 
mostly occur in ephemeral waters. The seasonal 
distribution and the number of generations largely 
depends on how long the waterbody remains filled. 
Egg batches are mostly a mixed assemblage of normal 
and resting eggs. Often, these species propagate 
parthenogenetically. 
1.B. Perennial forms 
These species ~ occurl in permanent waters and 
are actively present all year round. Species which 
have no dry resistant eggs, can survive occas~ional 
'--/ 
drought conditions as larvae in the mud (torpid 
stages). This was already indicated by Barclay 
(1966) and Delorme & Donald ( 1969). 
1.B.1. Annual species 
These species seem to be restricted to one generation 
per year. Active larvae are present throughout the 
year, while mature adults mostly occur in peak 
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numbers in a certain season (winter or summer). 
1.8.2. Continuously reproducing species 
Ostracods in this group mostly produce 2 to 3 
generations per year. The difference with the former 
group might be related to an unequal tolerance for 
extreme temperatures, with the latter group being 
able to propagate in even very low temperatures. 
2. STENOTHERMAL SPECIES 
Species can be cold stenothermal or warm 
stenothermal. In western Europe, the former would be 
regarded as spring forms, the latter as summer forms. 
Basically, they have the same strategy in restricting 
their occurrence (and reproduction) to a certain 
temperature range. When warm stenothermal species 
occur in a subtropical or tropical region, they 
usually exhibit a perennial distribution. This, 
however, is not necessarily the case for cold 
stenothermal species in arctic regions or in high 
mountain lakes. 
We therefore divide these forms as follows 
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2.A. Cold stenothermal species 
2.A.1. Species which produce continuous generations 
in favourable conditions. 
2.A.2. Species with discontinuous generations. 
disappear completely after one Populations 
generation, whether external conditions remain 
favourable or not. The eggs will only hatch a 
considerable period after being laid. Egg batches 
would therefore consist exclusively of resting eggs. 
2.B. Warm stenothermal species 
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4.4. EXAMPLES AND DISCUSSION 
Four examples from the literature will here be 
discussed. 
Heterocypris incongruens is a species which typically 
occurs in ephemeral waters. It has a very short 
larval development and reproduces continuously, as 
long as conditions remain favourable. Semenova 
(1978) recorded about 10 generations per year in an 
aquarium mono-culture of this species. It is 
therefore an opportunistic species (type 1.A.). The 
fact that the species can also be found in permanent 
waterbodies does not contradict this conclusion. 
Herpetocypris reptans is usually an inhabitant of 
permanent larger waterbodies (Klie 1938), but is 
sometimes found in temporary pools. (1978) 
studied this species in ponds where it occurred 
together with Heterocypris carolinensis. In spite of 
the fact that H. reptans, clearly a continuously 
reproducing, eurythermal species (type 1.B.2), has a 
longer larval development then H. carolinensis, which 
is an opportunistic species }ike its congener H. 
incongruens, Mel&~ could prove that H. reptans is 
the superior competitor. This can be explained by the 
fact that this species is better able to withstand 
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crowding and the stress of food shortage. 
Competitive exclusion of H. carolinensis by H. 
reptans is prevented only by periodic freezing of the 
puddle, which seems to harm populations of H. reptans 
more than of H. carolinensis. 
In western Europe, Cypricercus fuscatus has one fast 
generation which hatches in autumn. During the 
colder period, the species survives in the larval 
stage. Thi.s generation matures in the next spring. 
The species disappears in summer, and the eggs hatch 
in the next autumn, even when temperatures remain 
favourable during summer, thus indicating that egg 
batches consist exclusively of resting eggs (Klie 
1938). Nothing is known about the behaviour of this 
species in regions where temperatures remain 
favourable throughout the year. Cypricercus fuscatus 
is a good example of a cold stenothermal species of 
type 2.A.2. It is not sure whether species of this 
group will ·ever convert to a continuous propagation, 
given constantly favourable temperature regimes. 
Hairston and Olds (1983) presented a mathematical 
model for the ratio resting eggs/normal eggs in egg 
batches produced by Calanoids in temporary ponds. 
Important in this model are the length of the period 
during which the pond is filled versus the duration 
of the larval development, and the predictability of 
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the "catastrophe" (the moment that the pond dries 
up). 
When the period during which the pond is filled 
allows more than one generation, and when the moment 
of the catastrophe is predictable, then the first 
generation will produce no resting eggs at all. 
Following generations will each produce an increasing 
percentage of resting eggs. When the catastrophe is 
very unpredictable, egg batches will always consist 
at least partly of resting eggs. When only one 
generation is possible, the model predicts that egg 
batches will consist exclusively of resting eggs. 
When increase of temperature is accepted to be the 
catastrophe for cold stenothermal ostracod species, 
then the latter possibility is what happens in type 
2.A.2. species. 
Hairston and Olds (1983) also found that the same 
species can have a different strategy, depending on 
the predictability of the environment in which they 
live. It 
stenothermal 
discontinuous 
is therefore 
ostracods, 
generations, 
possible that cold 
which normally have 
occur in (semi-) 
continuously reproducing populations when conditions 
remain favourable. Such a situation, however, is not 
known to me. 
separate. 
Therefore, 2.A.1 and Z.A.2 are kept 
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Cyprideis torosa 
(Theisen 1966; 
1976, 1976b; 
1983). Its 
has been studied by many authors 
Heip Vesper 1972; Van Harten 1975; 
Herman and Heip 1983; Herman et al 
understood. 
ecology is therefore relatively well 
The species is a bottom dweller and can 
tolerate a wide range of salinities. Both Theisen 
(1966) and Heip (1976) found that the species yields 
only one generation per year, although Heip (1976) 
showed that there are ovigerous females throughout 
the year, hence indicating a continuous reproduction. 
This species, as an annual form (type 1.B.1.) is able 
to reproduce in even very low temperatures and has a 
rather short larval development. 
produces one generation a year. 
remains as yet to be explained. 
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Still, it only 
This phenomenon 
POPULATION STRUCTURE AND DYNAMICS OF Mytilocypris 
henricae (Chapman) IN LAKE BATHURST (N.S.W.) 
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5.1. INTRODUCTION 
The existing literature on the seasonal distribution 
of ostracods was reviewed in chapter 4 and a new 
classification of strategies relating to periodicity 
of ostracods was proposed. 1, 
The structure of a population of Mytilocypris 
LYI Ye It~- tioVI Co tit<~ 5:J'tern / 
henricae was studied in Lake Bathurs~. The main aim 
of this research was to determine the strategy which 
was exhibited by this species. This was done in 4 
major steps. 
Firstly, the period of the year during which the 
species is present, was determined. This was done by 
describing the relative abundance and timing of life 
stages. Secondly, the reproductive periods were 
investigated using sex-ratio, percentage of ovigerous 
females and the number of eggs in uteri of ovigerous 
females over a 10 month period. The number of 
generations was then established, relying on the 
observed changes in both larval and adult populations 
structure. Finally, temperature tolerance and 
preference of this species was described. 
131 
5.2. MATERIAL AND METHODS 
Samples were collected monthly or bimonthly between 
March 1981 and May 1982 by Dr. P. De Deckker and 
weekly between August 1982 and June 1983 by the avi:htlr. 
Sampling was done by moving a handnet (12 x 26 em, 
mesh~idth 140 pm) through the Ruppia stands. Samples 
' 
discussed in this chapter were always collected from 
the same station on the NE shore of the main part of 
the lake. 
As population densities were very high throughout the 
year and as always a large number of animals was 
collected, subsampling proved necessary. The 
relative abundance of the lifestages was measured for 
each sample in a subsample of 200 animals. 
Sex ratio was monitored for 10 samples, each time in 
a subsample of 100 adults. Sexing often necessitated 
a dissection of the specimen as in young adult males, 
the testicle tubes were not always visible through 
the shell. In order to determine the optimal size of 
the subsample, sex-ratio was repeatedly monitored in 
subsamples from the same sample, with subsample size 
ranging from 10 to 100 specimens. 
For 40 adult females, from the same 10 samples for 
which sex-ratio was determined, the number of eggs 
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present in left and right uteri was counted, the 
presence or absence of sperm in the seminal 
receptacles was monitored and the abundance of 
parasites checked. 
The variation due to subsampling for the relative 
abundance of the lifestages was assessed by counting 
6 subsamples of 100 specimens from the same sample. 
Variation due to subsampling in sex-ratio was checked 
by sexing 6 times 100 adults from the same sample. 
Whether or not these variantions are significantly 
different, was in both cases assessed using the logit 
linear model (see chapter 2). 
Furthet'more, :i.t was found that l:1..:_ henricae lays eggs 
in small clutches in nodes of leaves and in the 
hollow stems of Ruppia plants. Eggs were also 
obtained while collecting the weekly samples. While 
counting the numbers of the different lifestages in a 
subsample, the number of free, unhatched eggs in that 
subsample was also recorded. These values are used 
as a rough indication of the actual number of 
unhatched eggs in the lake. 
pH, conductivity and temperature were measured in the 
field on each sample date. Water samples were 
analysed in the laboratory to determine dissolved 
oxygen content and ionic composition of the water. 
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pH was measured with a portable pH-meter (ACTIVON, 
type 209B). Conductivity was measured with a 
portable PTI-10 minidigital conductivity/temperature 
meter (cell K=1, cell constant= 0.832). With the 
same instrument, in situ measurements of temperature 
at 10 em and at 50 em depth were taken weekly. Two 
minimum-maximum thermometers were placed in the 
lake one near the shore in a weed bed, a second 
about 60 m from the shoreline in open water. Due to 
drought conditions, the thermometer in the weed bed 
had to be removed in January 1983. 
Concentration of solutes will in this chapter be 
discussed as measurements of conductivity, calculated 
from the original conductivity and temperature 
measurements to standard 18C values using the formula 
with C 
18 
c 
c t 
18 = --------------- ( 5. 1 ) 
1 + 0.025(t-18) 
being the calculated conductivity at 18C; C 
t 
and t being the measurements of conductivity and 
temperature. 
Dissolved oxygen was measured titrimetrically, using 
the Winkler method as described by Golterman and 
Clymo (1969) and assessed by Walker, Williams and 
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Hammer (1970). 
Water samples were always collected around noon. 
They were filtered on millipore membrane filters 
(0.47 urn) and stored at 10C prior to analysis for Ca, 
Mg, Na, K, co ,HCO 
' 
so Cl ions and some trace 
3 3 4 
ions. 
Rainfall data were obtained from the post office in 
Tarago, 5.5 km from the station on the NE shore of 
the lake. 
Data on the duration of the larval development (from 
hatching to stage 8 larvae) for the comparison 
between males and females are obtained from the 
postembryonal ontogeny experiments (temperature = 
-3 
20C, S=15x10 ), as described in chapter 3. Data on 
the duration of the complete larval development could 
not be used, as only few animals succeeded in 
moulting from stage 8 to adult. 
Spaskii and Kovalenko ( 1978) distinguish 3 second 
order stages in the ontogeny of the adult stage (see 
also chapter 3) • In~ henricae, these stages could 
be identified relying on the following 
characteristics : 
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1. PREMATURE STAGE 
. no eggs in uteri 
• seminal receptacles empty and poorly 
developed 
. overall look of a recently moulted animal 
2. MATURE STAGE 
seminal receptacles filled with spermatophora 
either with eggs in uteri (ovigerous) or 
without eggs in uteri (not ovigerous) 
3. POSTMATURE STAGE 
. no eggs in uteri 
seminal receptacles well developed but 
empty, apart from a few remainders of 
spermatophora near the edges. 
It was to be expected that these three stages would 
appear in the samples in different ratios, depending 
on which period of the year the sample was taken. It 
was therefore necessary to find a method to quantify 
the heterogeneity of each sample. 
Different indices expressing diversity of species 
exist. In this case we can assume the three maturity 
stages to be the independent units, rather then 
different species as is usually the case. Shannon-
Weiner diversity indices (H) and their variances (V) 
can thus be computed for each sample. It is 
appropriate to use this particular index as a random 
sample was taken from an in finitely large 
population, while all independent units are present 
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in the samples (Poole 1974; Peet 1974). At-test was 
on paired H-values of the different performed 
samples. Formulas for these analyses are used as in 
Poole (1974). 
Counts of eggs in left and right uteri of ovigerous 
females were analysed using a one-way ANOVA. The 
analysis was carried out on the square root of the 
counts, as is generally the case in this type of 
analysis (Cunningham, pers.comm.). 
The ANOVA was carried out and the legit linear model 
was fitted with the computer program GENSTAT. 
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5.3. RESULTS 
5.3.1. Physical and chemical factors 
Conductivity measurements and weekly rainfall during 
the period of investigation are presented in fig 5.1. 
Monthly rainfall from 1976 till 1983, as a comparison 
between drought and pre-drought conditions, is 
presented in fig 5.2. 
During the drought and one day after a substantial 
rainfall, transects of conductivity measurements from 
the shore towards the centre of the lake were taken. 
Results are presented in fig 5.3. 
Maximum and minimum temperature at 50 em depth (in a 
weed bed) and weekly temperature readings at 10 em 
and at 50 em depth are presented in fig 5.4. 
pH values fluctuated between 9.2 and 8.5. Dissolved 
oxygen content· of the water ranged between 1.39 and 
9.01 ppm. 
Results of the chemical analyses of the watersamples 
are presented in table 5.1. 
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Date Cl Na K Mg Ca 
16.01.81 1540 1030 61.0 70.0 12.0 
02.07.81 1560 1070 53.0 84.0 29.2 
'1.7.08.81 1332 875 43.0 84.1 33.0 
15.12.81 1950 1270 73.0 42.0 144.0 
19.01.82 2030 1320 72.0 36.0 154.0 
02.03.82 2420 1570 89.0 59.0 160.0 
01.04.82 2270 1440 75.0 64.0 146.0 
29.04.82 1930 1256 64.0 50.0 179.0 
24.05.82 2145 1386 70.0 57.0 185.0 
25.08.82 2711 1667 87.1 159.5 25.1 
04.10.82 2871 1817 91.0 168.9 25.4 
26.10.82 3195 1971 98.7 185.4 22.9 
18.11.82 3703 2357 118.0 231.0 20.7 
25.11.82 3690 2388 121.0 235.0 21.1 
16.12.82 3947 2892 137.0 259.0 21.7 
13.01.83 4014 2605 126.0 243.0 20.7 
27.02.83 5245 3563 170.0 336.0 26.4 
10.03.83 6124 3703 193.0 380.0 23.3 
31.03.83 5624 3015 174.0 338.0 20.2 
01.04.83 6043 3360 182.0 352.0 20.2 
05.05.83 5350 3310 159.0 282.0 135.0 
12.05.83 5470 3230 154.0 292.0 131.0 
TABLE 5.1. 
Chemical analysis of some samples of Lake Bathurst 
water, collected from the field (in mg/1). 
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Weekly r·ainfall in Tarago (vertical bars) and conductivity 
measur·ements (solid line) in Lake Bathurst (N.S.W.). Data on the 
rainfall are obtilined fr·om the Tarago postoffice; measur·ements of 
conductivity are calculated to standard 18 C values. 
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Monthly rainfall in Tar~go. Comparison hetween drought and pre-
drought conditions (data obb1 ined fr'Om Ta r'ago Po~l:: O(f<'C£), 
5.3.2. Methodology 
The results of the analyses of the variation caused 
by subsampling are 'presented in table 5.2. In 
neither of the 2 situations, was the variation 
significant. 
5.3.3. Population structure and dynamics 
Results of counts of the different lifestages are 
presented in fig 5.5. In this figure, the relative 
abundance of the 9 different stages (stage 9 being 
the adult stage) are plotted over a 2.5 year period. 
The change in sex-ratio with increasing subsample 
size is illustrated in fig 5.6. Variation seems to 
stabilise around 6o specimens and this is the 
subsample size which has been used. Changes in sex-
ratio over a 10 month period are shown in fig 5.7. 
From the latter graph, it appears that females are 
more abundant during 3 periods : July, December and 
March. 
The relative abundance of the different maturity 
stages in females over a 10 month period is shown in 
fig 5.8. Mature ovigerous females are most abundant 
throughout the year, but peak numbers occur in 
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TABLE 5.2 
Results of the analysis of the deviance caused by subsampling for 
the relative abundance of the different lifestages and for the 
sex-ratio of M. henricae, using logit linear model. 
subsample 
lifestages 
sex-ratio 
Df 
40 
5 
chi-square 
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23.16 
2.59 
significance 
NS 
NS 
October and in March. Shannon-Weiner diversity 
indices (H) and their variances (V) are presented in 
table 5.3. Results of the t-test on the paired H-
values are presented in table 5.4. 
Mean values for counts of eggs in left and right 
uteri in ovigerous females over a 10 month period are 
presented in fig 5.9. A one-way ANOVA (time being 
the source of variation) was carried out on these 
data. F-values and level of significance are listed 
in table 5· t;. 95% confidence bars are shown in fig 
5.9. These bars indicate, as explained in chapter 3, 
that there is a 95% probability that the difference 
between two sample means is significant, when the 
graphical representation of this difference is larger 
than the 95% confidence bar. 
Results of a correlation analysis between temperature 
and number of eggs are given in table 5.6. 
The highest numbers of unhatched, laid eggs in the 
lake, counted through their abundance in the 
subsamples, were recorded towards the end of winter 
(139 free eggs in a subsample of 200 specimens, taken 
from the sample of 25.08.1982). All through spring, 
summer and autumn, the numbers were much lower, 
ranging between 1 and 50, with an average of less 
then 10. 
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TABLE 5.3 
Shannon-Weiner diversity indices (H) and variance 
(V), illustrating the relative abundance of the 
different maturity stages of females M. henricae in 
Lake Bathurst (N.S.W.) 
date 
02.07.1981 
05.08.1982 
08.09.1982 
14.10.1982 
11 . 11 . 1982 
16.12.1982 
20.01.1983 
24.02.1983 
24.03.1983 
21.04.1983 
H 
0.914 
0.588 
0.562 
0.464 
0.852 
0.673 
0.687 
0.719 
0. 199 
0.381 
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v 
0.0086 
0.0047 
0.0057 
0.0087 
0.0063 
0.0010 
0.0139 
0.0127 
0.0103 
0. 0177 
TABLE 5.4. 
VI 
t-Test of Sha1on-W~•n•~ Diversity indices on 10 monthly samples from Lake Ba~st (N.S.W.), 
illustrating the differences in relative abundance of maturity stages of Mytilocypris henricae 
t-value, degrees of freedom and level of significance given for each comparison. (NS not 
significant, other significance levels are maximum levels for the error probability P). 
Sample numbers: 1 = 02.07.1981; 2 = 05.08.1982; 3 = 08.09.1982; 4 
6 = 16.12.1982; 7 = 20.02.1983; 8 = 24.02.1983; 9 = 24.03.1983; 10 
Sl'.MPLES 2 3 4 5 6 
2.83 
2 74 
0.05 
2.95 0.25 
3 77 79 
0.05 NS 
3.43 1.08 0.82 
4 80 73 77 
0.05 NS NS 
0.51 2.51 2.65 3.17 
5 78 78 80 78 
NS 0.05 0.05 0.05 
2.46 1.13 1. 36 2.13 2.09 
6 49 56 54 49 52 
0.05 NS NS 0.05 0.10 
1. 51 0.73 0.89 1.49 1.16 0.12 
7 76 64 68 76 70 46 
NS NS NS NS NS NS 
1. 34 0.99 1.15 1. 74 0.97 0.39 
8 77 66 70 77 72 46 
NS NS NS 0.10 NS NS 
5.21 3.18 2.88 1. 93 5.07 4.47 
9 79 70 74 79 76 48 
0.001 0.05 0.05 0.10 0.001 0.001 
3.29 1.38 1.18 0.51 3.04 2.13 
10 71 60 63 72 65 44 
0.05 NS NS NS 0.05 0.05 
14.10.1982; 5 
2 1 • 04 • 1 98 3. 
7 8 
0.19 
80 
NS 
3.14 3.43 
78 79 
0.05 0.05 
1. 72 1. 93 
79 78 
0.10 0.10 
11.11.1982; 
9 
1.09 
75 
NS 
TABLE 5.5 
F-values and level of significance for the one-way ANOVA's on 
counts of eggs in left and right uteri of ovigerous females of M. 
henricae in Lake Bathurst (N.S.W.). 
Left uterus F = 11.958 p < 0.001 
(9,268) 
Right uterus F = 11.246 p < 0. 001 
(9,267) 
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TABLE 5.6 
Correlation analysis between measurements of 
temperature at 50 em depth in Lake Bathurst (N.S.W.) 
and number of eggs in uteri of ovigerous females of 
M. henricae. 
uterus 
left 
right 
Df 
9 
9 
2 
r 
0. 12 
0.26 
148 
significance 
NS 
NS 
The difference in duration of the larval development 
(from hatching to the moult from stage 7 to stage 8) 
between males and females was tested. Results are 
shown in table 5.7. 
significant. 
The difference proved to be not 
5.3.4. Parasites and commensals 
Some of the females that were dissected to determine wne~her 
the maturity stage wa~ parasitised by cysticercoids 
of Cestoda (tapeworms). These parasites belong to the 
Cyclophyllidea, probably Hymenolepidae (Bryant, 
Howell, Spratt, pers.comm.). It is most likely that 
these parasites have an aquatic bird as the final 
host. 
Table 5.8 shows that infested animals are found only 
in summer, with infection rates ranging from 2.5 
7.5%. Mature infested females were never ovigerous. 
Commensal rotifers (probably Bdelloidea) are very 
common on the basal segments of antenulla and antenna 
and around the eyes of the ostracods. As the 
commensals were sometimes very abundant, the number 
per affected female was d£scribed in the following 
categories : 
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= 1 - 5 specimens per female 
2 = 6 - 10 specimens per female 
3 = more then 10 specimens per female 
Table 5.8 lists the number of female ostracods with 
rotifers and the average index of rotifers per 
affected ostracod. The number of affected females 
ranges from 10 to 40 (on a subsample of 40 
specimens), whe.reas the average index of rotifer 
infection seems to remain fairly constant during the 
year. 
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5.4. DISCUSSION 
5.4.1. Physical and chemical factors 
From fig 5.3, it appears that during drought 
conditions, conductivity was slightly higher in the 
shallow water than in deeper water towards the centre 
of the lake. This was probably due to more intense 
evaporation near the shore and the buffering effect 
of the Ruppia stands. The opposite occurs after 
rain, when the water is more diluted near the shallow 
edge then in the centre of the lake. The buffering 
effect of the Ruppia stands delayed mixing of the 
water with different salinities. 
Conductivity measurements throughout the year were 
taken at about 50 m offshore at a depth of ca. 20 em 
and mRj therefore be regarded as an average of the 
shore and centre values. 
The pattern which emerges from fig. 5.1 can be partly 
explained 
evaporation 
by the interaction between 
and concentration of 
rainfall, 
solutes. 
Evaporation during most of summer caused a 
increase in conductivity, whereas substantial 
rainfalls in January and from March onwards are 
always followed by a significant drop in the 
conductivity values. 
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Two transects of conductivity in Lake Bathurst (N.S.W. ), from the 
shore towards the centre of the lake. A= 02-DEC-1982 (drought), 
B = 05-MAY-1983 (after substantial rainfall). All conductivity 
measurements calculated to standar·d 18 C values. 
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Observations on temperature will be discussed in 
section 5.4.3. 
The value of weekly determinations of dissolved 
oxygen content . was rightly questioned by Edward 
(1983) as it was shown by Barclay (1966) that diurnal 
variation in oxygen content of water and of pH is of 
the same order of magnitude as seasonal variation. 
It can only be concluded here that the ostracod M. 
henricae tolerated the extremes of both factors 
without obvious difficulties. 
2+ 2+ 
The change in the Ca /Mg ratio can partly be 
explained by the precipitation of monohydrocalcite in 
February 1983. This mineral was found locally in 
large amounts, deposited on Ruppia stems. This 
2+ 
differential precipitation of the Ca ion must have 
2+ 2+ 
caused the decrease in the Ca -Mg ratio. 
Between August 1982 and June 1983, the ecosystem of 
Lake Bathurst was largely dominated by the unusual 
increase of the concentration of dissolved solutes. 
This is suggested by the fact that the 3 other 
ostracod species which occurred in Lake Bathurst (see 
chapter 1), disappeared when the salinity became too 
high. Of the halophytes, only Ruppia remained. A 
longer term investigation of the lake-system could 
throw a light on the periodicity of this phenomenon. 
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5.4.2. Population structure and dynamics 
It appears from fig 5.5 that all larval stages of M. 
henricae were present in Lake Bathurst thr·oughout the 
year. Only in July and in early August were the 
first larval stages very rare or absent. Adult males 
and females were present all year round. This 
indicates that this species exhibits a (semi-) 
continuous recruitment in this lake. 
Nevertheless, 
mainly stage 
from the relative distribution of 
and 2 (fig 5.5), it appears that 3 
main periods of recruitment through egg hatching can 
be distinguished : September, January and April. 
These 3 cohorts can be detected in the distribution 
of some other stages (6,7,8,) but are not apparent 
from the distribution of stage 3 till 5 and from the 
adults. 
Adults were always recorded in low numbers in the 
subsamples of 200 specimens. Their relative 
abundance in terms of individuals was always very 
low, although they constitute the main part of the 
biomass in the ostracod population of Lake Bathurst. 
Changes in relative numbers were therefore not easily 
detectable. 
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FIGURE 5.6. 
Effect of the size of the subsample on the sex ratio of 
Mytilocypris henricae in a sample, taken on 15-DEC-1982 in Lake 
Bathurst. (N.S.W.). 
The three cohorts are also not clearly distinct in 
stage 3, 4 and 5. This might be caused by a 
scattering effect. Why this is not so in later 
stages is not clear. Perhaps a differential 
mortality of those animals which moulted too fast to 
a later stage might offer an explanation. However, 
there was no indication of this in the postembryonal 
ontogeny experiments (chapter 3). 
While discussing reproductive periods, one has to 
make a distinction between periods of intensive egg 
production and periods of increased egg hatching. 
Periods during which eggs are produced more 
intensively, are investigated here from 3 major 
angles the changes in sex-ratio, the relative 
distribution of the different stages of females 
maturity and the counts of eggs in the uteri of 
ovigerous females. 
In the distribution of the sex-ratio over a 10 month 
period, three peaks in the relative abundance of 
females appear (fig 5.7). According to the analysis 
of deviance (table 5.2), these peaks are to be 
i..t jj p•s~ible to 
regarded as significant anay therefore t,conclude 
that females are more abundant th- :n males in August, 
January and March. Two possible explanations exist. 
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FIGURE 5.7. 
Changes 1.n sex ratio of~ henricae in Lake Bathurst (N.S.W.) 
over a 10 month period. Samplenumbers as in table 5.4. 
Theisen (1966) suggested that for Leptocythere 
lacertosa, the duration of the larval development in 
males may be shorter than in females, while females 
may live longer as an adult. Heip ( 1976) offered 
proof for the first part of this hypothesis when he 
reported a positive correlation between the period 
when stage 8 larvae of Cyprideis torosa moulted to 
the adults stage and a higher relative abundance of 
males. According to this theory, males would become 
more abundant immediately after the final moult, 
while females become more abundant sometime later. 
However, neither Theisen nor Heip carried out 
experiments in which lifecycles of individual animals 
were monitored. From the results of our ontogeny 
experiments (table 5.7) it appears that there is no 
significant difference in the duration of the larval 
development between males and females, unless the 
difference occurs in the IMP of stage 8 larvae for 
which not enough data could be obtained. 
An alternative hypothesis accepts a larger number of 
females direct~ly after hatching, due to an initial 
.,____. 
(perhaps genetically induced) deviation of the 1:1 
sex-ratio. This is supported here by the results of 
the same ontogeny experiment which yielded 13 females 
out of 17 animals that reached stage 8 (table 5.7). 
The decline in the relative abundance of females can 
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TABLE 5. 7 
t-test for the differences in the duration of the 
larval development (from hatching to stage 8 larvae) 
between males and females. Data from the ontogeny 
experiment with S = 15x10(-3) and temperature = 20C 
(see chapter 3). 
Female 
Male 
40.308 + 4.029 days (N = 
: 40.280 ~ 8.655 days (N = 
t( 15)= 0.191 NS 
16, 
13) 
4) 
be explained by accepting a higher mortality of 
postmature females after a period of intense egg 
production. 
According to the latter explanation, the decline in 
the proportion of females at the end of winter, in 
February and in April, would indicate the end of 
periods of intense egg production. 
cs he.r.e o-c.o:.p ted,. 
Results on the distribution of the different maturity 
stages of adult females over a 10 month period (fig 
5.8) reveals that ovigerous females are most abundant 
throughout the entire investigated period. This 
contributes to the idea of continuous recruitment. 
The same figure shows two peaks in the relative 
abundance of ovigerous females. According to the 
results of the t-test between the H-values of the 
different samples (table 5.4),these peaks are 
significant when compared with samples collected one 
month later, but not with the samples from the months 
immediately before. This implies a gradual increase 
in the relative abundance of ovigerous females after 
which a sudden drop occurs. The latter can be due 
either to a large differential mortality of ovigerous 
females or to an increase in the number of immature 
females. The latter is what happened in November, as 
this period coincides with a massive final moult of 
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stage 8 larvae from the first cohort (fig 5.5). The 
simultaneous final moult of stage 8 larvae of the 
second cohort, however, which takes place in 
February-March can not be detected from fig 5.8. 
Therefore, contrary to what was expected, the 
distribution of the different maturity stages in 
females is not at all informative on the periods of 
increased reproductive effort. 
Even less informative are the counts of eggs in the 
uteri. One peak in the number of eggs in October-
November is significant. Fig 5.9 further reveals that 
more eggs were found in the uteri during spring and 
summer then during winter and autumn. From the shape 
of this graph, one might expect a positive 
correlation between the water temperature and the 
number of eggs. Such correlation, however, proved to 
be not significant (table 5.6). Therefore, the 
observed distribution remains to be explained. 
Periods of increased egg hatching can be detected 
from the relative abundance of different lifestages. 
A drastic increase in the relative numbers of mainly 
the first instar is largely due to increased egg 
hatching. Three such peaks appear from fig 5.5 
August-September (the end of winter); December-
January and March-April. It is clear that these 
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FIGURE 5.8. 
Relative abundance of different stages of maturity of females ~ 
henricae in Lake Bathurst (N.S.W.) over a 10 month period. 
Samplenumbers as in table 5.4. 
EGGS IN SQRT (EGGS) 
LEFT LJTERUS 
----
2.4 
EGGS IN 
RIGHT LJTERUS 
----
,1 
/ 
2.0 /, ~ 
/ ~ 
95% / ~ CoNFIDENCE ~ 1.6 
L R \ 
1.2 
1 2 3 4 5 6 7 8 9 10 
SAMPLE 
FIGURE 5.9. 
Counts of eggs in left and right uteri of females ~ henricae in 
Lake Bathurst (N.S.W.) over a 10 month period. 95% confidence 
bars for counts in both uteri are given. Samplenumbers as in 
table 5.4. 
periods of intense egg hatching each follow a period 
of increased egg production. The first massive 
hatching at the end of winter, moreover occurs after 
the largest amount of unhatched laid eggs in the lake 
was detected (see above). 
From what has been said, the life history of 
~ytilocypris henricae in Lake Bathurst during 1981-
1983 can now be described. It is believed that the 
population in this lake yielded 3 generations in one 
year. These generations, however, are not clearly 
separated from one another in time, and we can 
therefore speak of a semi-continuous recruitment. 
The first generation after winter, from now on called 
the SPRING generation, hatched from eggs which 
accumulated in the lake during winter, at a time when 
temperatures were too low to allow hatching. This 
generation grows in a mainly cold environment and 
matures around November-December. The larval 
development of the spring generation takes between 4 
and 5 months. A period of increased egg production 
in December-January follows the maturation of this 
generation. As temperatures are very favourable in 
this period, the egg production and egg hatching 
almost coincide in time and a large number of first 
instar larvae of the SUMMER generation appear in 
January-February. Again due to favourable 
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temperatures, this generation matures in March after 
a short larval development of about 2 - 2.5 months. 
By this time, events of maturation, hatching etc. can 
hardly be expected to happen simultaneously. This is 
primarily due to a scattering effect. Moreover, as 
will be discussed in chapter 6, egg batches of M. 
henricae consist of (at least) two types of eggs 
yellow and orange eggs. There is a significant 
difference in hatching time between these two types 
(see chapter 6) and orange eggs are believed to be 
resting eggs. This too could muffle the expected 
pattern of successive generations. 
Nevertheless, the third large hatching in March-April 
can still be clearly distinguished from fig 5.5. 
This AUTUMN generation is believed to mature in July, 
after a larval development of about 4 months. This 
generation will produce eggs during the winter 
months, which will not hatch until the end of winter 
- beginning 
favourable. 
of spring, when temperature become 
It can of course be questioned whether the 
exceptional drought situation, hence the increase in 
salinity, was responsible for this particular number 
of successive generations. However, it is believed 
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that salinity has no influence on the number of 
generations per year, as it was proved in chapter 3 
that environmental salinity has no significant effect 
on the IMP of the different stages, hence on the 
duration of the larval development of each 
generation. 
5.4.3. Temperature tolerance 
The importance of the temperature tolerance in 
determining the strategy of the seasonal distribution 
of a species was stressed in chapter 4. 
therefore be discussed separately here. 
It will 
Lower and upper limits for recorded temperature in 
Lake Bathurst during the present study were 4 C and 
29 c (fig 5.4). Nevertheless, it is believed that 
lower temperature limits in July may approach 0 C. 
From the data on the relative distribution of 
ovigerous females and number of eggs in uteri of 
ovigerous females, it appears that eggs are produced 
throughout the winter period. This justifies the 
classification of M. henricae as an EURYTHERMAL 
SPECIES. 
It is very striking that egg hatching is more 
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sensitive to temperature then egg production. 
Observations during the ontogeny experiments (chapter 
3) indicate that 10 C might be a lower limit for 
hatching and for the larval development of smaller 
instar larvae. This hypothesis is supported by the 
results of the ontogeny experiments (chapter 3) the 
intermoult periods of the first stages in the 
experiment at 10 c was up to 4 times as long as in 
the experiments at 15 c or at 20 c. Furthermore. 
moulting from stage 8 larvae to adults in this 
species ceases at 5C (Chi vas, De Deckker, 
pers .comm.) • 
5.4.4. Strategy of seasonal distribution 
This species is to be regarded as an eurythermal, 
perennial form which reproduces continuously. In 
chapter 4, this was described as type 1.B.2. 
5.4.5. Parasites and commensals 
Table 5.9 lists the literature records of helminths 
whose larvae have been found to be parasitic in 
ostracods. 
The impact of the parasite on the ostracod might be 
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TABLE 5.8 
Parasites and commensals on females M. henricae in 
Lake Bathurst (N.S.W.). 
Fe = number of female ostracods infested with 
tapeworms (subsample size = 40); TW = average number 
of tapeworms per infected female ostracod; Fr = 
number of female ostracods with rotifers (subsample 
size = 40); Rf = average index of rotifers per 
affected female ostracod. (For explanations on the 
index of rotifer infection see text.) 
Cestoda Rotifers 
Date 
Fe TW Fr Rf 
02.07.1981 0 40 1.87 
05.08.1982 0 28 1.54 
08.09.1982 0 35 1. 91 
14. 10. 198 2 4 32 2.03 
1 1. 1 1 . 198 2 0 30 1. 67 
16.12.1982 3 3 28 1.50 
20.01.1983 3 1 28 1. 71 
24.02.1983 0 32 1.28 
24.03.1983 0 10 1. 10 
21.04. 198 3 0 13 1.23 
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TABLE 5.9. 
Parasitic helminths of which larvae have been found in ostracods. Data 
from the literature •. 
TAPEWORM 
Taenia lanceolata 
Taenia coronula 
Taenia anatina 
Neoechynorhynchus cylindratus 
Drepanidotaenia g.mci Zis 
Drepanidotaenia graci Us 
Drepanidotaenia graciUs 
Neoechynorhynchus cristatus 
Cloacotaenia megalops 
Flamingolepis megalorchis 
Flamingolepis tengizi 
Microsomacanthus phoenicopteri 
Diorchis e Zisae 
Unciumia cUiata 
Dicranotaenia coronula 
Dicranotaenia coronula 
Dicranotaenia coronula 
Dicranotaenia inflata 
Dicranotaenia nyracea 
Dicranotaenia nyracea 
Dicranotaenia ransomi 
Fimbriaria fasciolatus 
Sobolevicanthus gracilis 
OSTRACOD 
Cypris inerva 
Cyclocypris ovum 
Heterocypris incongruens 
Cypris globosa 
Candona 
Do lerocypri s 
Cypria 
Cypridopsis helvetica 
Eucypris inflata 
Eucypris inflata 
Eucypris in flat a 
Eucypris inflata 
Eucypris inflata 
Eucypris inflata 
Dolerocypris fasciata 
Heterocypris incongruens 
Notodromas monacha 
Heterocypris incongruens 
Dolerocypris fasciata 
Notodromas monacha 
Dolerocypris fasciata 
Dolerocypris fasciata 
Dolerocypris fasciata 
REFERENCE 
Muller (in Hartmann 1975) 
Mrazek (in Kesling 1951) 
Muller (in Hartmann 1975) 
Ward (1940' in Hartmann 
Lindner (in Klie 1938) 
Lindner (in Klie 1938) 
Lindner (in Klie 1938) 
Uglem 1972 
Gvosdev & Maksimova 
Gvosdev & Maksimova 
Gvosdev & Maksimova 
Gvosdev & Maksimova 
Gvosdev & Maksimova 
Gvosdev & Maksimova 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
Valkounova 1981 
1978 
1978 
1978 
1978 
1978 
1978 
1975) 
limited to the lack of progeny. Infected females 
seemed healthy, as seminal receptacles were filled 
with spermatophora and the size was not noticeably 
different. 
During summer, large numbers of waterbirds are 
present on the lake (black swan, mountain duck, coot, 
several waders, etc.). Birds feeding on or amongst 
the Ruppia are very likely to (possibly accidently) 
consume numerous individuals of M. henricae, because 
densities of ostracods in the Ruppia stands are 
al~s extremely high. If one accepts the calculated 
infection rates to be a reliable approach of the true 
infection rates, then the probability for a bird to 
be infected is very high. 
The commensal rotifer, though much more abundant in 
the studied population, is believed to have little or 
no impact on the life of the ostracod. McGregor 
(1969) reports the presence of bdelloid rotifers in 
the abdominal breeding cavity of Darwinula 
stevensoni. This species carries its eggs in this 
cavity until hatching. The rotifer was probably also 
a commensal. However, a significantly smaller number 
of eggs was found to be present in females with 
rotifers. As it was found that the rotifer took the 
place of one or more eggs, its presence was a 
172 
disadvantage for the ostracod, hence it must be 
considered a parasite. However, this is not the case 
for M. henricae. No significant cycle in abundance 
of rotifers appears from table 5.8. 
5.4.6. Methodology 
In this section advantages and disadvantages of 
studying this particular species, using relative 
abundances of the different lifestages and the 
optimal frequency of sampling will be briefly 
discussed. 
There are three main advantages in selecting M. 
henricae for this study. It is a relatively large 
species and different in stars were easily 
recognisable, while relatively large numbers of 
valves of even the first instars could be measured. 
This may actually be the main reason why this is the 
first study where relative abundances of all instars 
of an ostracod are monitored. The species was easily 
cultured and handled in the laboratory. A third main 
advantage was that M. henricae was the only 
mytilocypridinid ostracod in Lake Bathurst, so that 
all larval stages could unequivocally be equated with 
this species. In some saline lakes of Victoria, M. 
henricae co-occurred with one or more of its 
congeners. 
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There are, however, two disadvantages. Ic w~s 
i m pof> ~ i bl e- to distinguish animals from different 
generations, a.LI:.I1ouJh /:.h,·5 i' feo..~i{,t~ in some species (Me 
Gregor 1969; Ranta 1979). Also, assessment of the 
reproductive efforts were difficult, as numbers of 
eggs in uteri had to be counted. Therefore, animals 
had to be dissected. Furthermore, these eggs were 
not yet surrounded by a hard shell and preservation 
often caused material to shrink. It was therefore 
much more time consuming to count eggs in this 
species then it would have been in species like D. 
stevensoni, which carries a number of eggs in a 
breeding cavity in the shell. 
Nevertheless, the advantages greatly outwe.:.j h ed. the 
disadvantages. 
Quantitative sampling is relatively easy for benthic 
and planktonic animals. For epiphytic animals, 
however, it is much more difficult to obtain a 
representative sample of a very large population. As 
population densities of M. henricae in Lake Bathurst 
were always very high, a qualitative sampling was 
carried out. 
Interpretation of such results, however, presents 
extra difficulties. For example, an increase in the 
relative abundance of a certain larval stage can be 
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caused by an increase in absolute frequency of that 
stage or by a decrease (e.g. mortality) in absolute 
number of other stages. The absence of an absolute 
measure does not allow one to distinguish between one 
or the other interpretation. 
Finally, the conclusions of this work are based on 
the results obtained from two lots of samples 
or bimonthly samples between March 1981 and 
May 1982 and weekly samples between August 1982 and 
June 1983. 
collecting 
As the amount of work involved in 
and processing samples differs 
considerably between the two sample-frequencies, it 
is useful to assess both methods. 
As becomes obvious from fig 5.5, the data on the 
relative abundance of the life stages provided by the 
weekly sampling dre far more informative than those 
extracted from the monthly sampling. It is by no 
means obvious from the monthly sampling that 3 
generations per year exist, while the data from the 
weekly sampling hint strongly in that direction. 
This is understandable as the mean lifespan of the 
first two larval instars is only a few days. Even a 
considerable hatching can therefore easily be missed 
by a monthly sampling. For information on the 
adult population, however, monthly sampling seems 
sufficient (figs 5.7- 5.9). 
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Generally, the frequency will depend on the duration 
of the larval development of the investigated 
species. Even weekly sampling would prove 
insufficient while investigating Limnocythere 
inopinata, of which the larval development takes only 
28 days (Semenova 1980), whereas monthly sampling in 
the case of Darwinula stevensoni in Finland, with a 
larval development of about 2.5 years (Ranta 1979), 
would prove more than sufficient. 
It is Su.j3e~ t.e.d.. that, in the case of M. henr icae in 
Lake Bathurst, the appropriate frequency would be 
'""' weekly sampling in summer and fortl)nightly sampling 
.......-
in winter. 
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Chapter 6 
EFFECTS OF ENVIRONMENTAL SALINITY ON EGG HATCHING IN 
Mytilocypris henricae (Chapman) 
177 
6.1. INTRODUCTION 
Tetart (1970) and Roessler (1982a,b) described the 
mechanism of egg hatching in ostracods. Effects of 
different environmental factors on egg hatching in 
ostracods are still poorl:;r known, in spite of 
contributions by Alm ( 1916), 
Tetart (1974), De Deckker 
Gauthier ( 1928, 1951), 
( 1982b). 
authors. 
( 198 3) and Roessler 
Two major factors are discussed by these 
Whereas temperature is very important in 
Europe (Alm 1916; Tetart 1974), it is believed to be 
of secondary importance in North Africa (Gauthier 
1951) and in Australia (De Deckker 1983 ) . De 
Deckker 1983 writes that, for halophylic 
species, salinity might be the main factor 
determining egg hatching. Nevertheless, some 
halophylic ostracods are able to hatch in a wide 
range of salinities (Geddes 1976). 
The effects of a number of environmental factors upon 
egg hatching in some other Crustacean groups from 
athalassic lakes are discussed by Brewer (1964) for 
Diaptomus stagnalis, by Moore ( 1967) for 
Streptocephalus seali and by Belk & Belk (1975) for 
Caenestheriella setosa. The latter three 
publications present results from experiments on egg 
hatching in controlled environments. Temperature, 
low dissolved oxygen levels and relative humidity at 
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which de.~ic.cated eggs are stored, are the most 
important factors affecting egg hatching for all 
investigated species. 
De Deckker (1983) writes 
" Although Platycypris baueri can hatch at 
low salinities ( ••• ), it seems that this 
species is usually more numerous at high 
salinities ( .•• ). This phenomenon ( .•. ) 
could be the result of ( •.. ) a better 
hatching potential at high salinities( ... )." 
Geddes ( 1975) showed that there is a significant 
-3 
correlation between high salinities (S > 100 X 10 ) 
and low dissolved oxygen contents. As has just been 
pointed out, low dissolved oxygen levels are 
important in inducing egg hatching in some Crustacea 
(Brewer 1964; Moore 1967). Hatching in P. baueri 
might therefore be affected by these low dissolved 
oxygen levels in lakes with highly saline waters, 
rather than by the high salinities themselves. No 
published information on laboratory experiments with 
ostracod eggs is known to me. Because of this lack 
of data on the factors affecting egg hatching in 
ostracods, it is useful to present results of some 
preliminary experiments with eggs of Mytilocypris 
henricae. 
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6.2. MATERIAL AND METHODS 
Results that are used in this chapter to discuss the 
effects of environmental salinity and colour of the 
egg on hatching, are obtained from the postembryonic 
ontogeny experiments. The origin of the material and 
the experimental design are described in chapter 3. 
-3 -3 
Three salinities (S:4;(10 ,8.x10 
-3 
and 16 x1 0 ) were 
investigated, all at 20 C. The effect of the colour 
of the eggs was assessed in these three salinities at 
20 C and also at 25 C and at 36 C, the latter two in 
-3 
waters of salinities S=8x10 
A qualitative experiment was set up to demonstrate 
the ability of eggs of Mytilocypris henricae to hatch 
in distilled water. Two 25 ml vials, filled with 20 
ml of distilled water and with each 5 eggs, were kept 
at 20 C and were checked after 2 weeks. To exclude 
hatching of eggs that could already have been 
initiated before transfer to distilled water, eggs 
were kept dry for 2 weeks prior to transfer. 
The effects of salinity and egg colour on hatching 
time were assessed using both the proportional 
hazards model and the logit linear model. These 
statistical methods are discussed in chapter 2. 
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6.3. RESULTS 
The results of egg hatching in the three investigated 
salinities are presented in fig 6.1. These graphs 
illustrate cumulative hatching on a time scale. Most 
-3 
eggs hatch in s = 4x10 and least eggs hatch in s = 
-3 
8 .x1 0 which is the salinity at which eggs were 
stored. Results for the analysis of deviance, with 
salinity as the source of variation and using the 
proportional hazards model are given in table 6.1. 
Results of the analysis of deviance using logit 
linear model are presented in table 6.2. Both tests 
indicate that salinity has a significant effect on 
egg hatching, although this effect mainly becomes 
apparent after 20 days. 
Effects of the colour of the eggs are assessed using 
the proportional hazards model and results of this 
analysis are shown in table 6.3. The hatching time 
is always significantly different for the two 
colours, except in the experiment at 36 C, which 
caused both types of eggs either to hatch within 3 
days or to die. The mean values of hatching time in 
three salinities and for both colours with standard 
error and number of observations are listed in table 
6.4. Eggs of M. henricae are able to hatch in 
distilled water : 5 out of 10 eggs hatched after 14 
days. 
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6.4. DISCUSSION 
In the present chapter, the effects of environmental 
salinity (an external factor) and of colour of the 
eggs (an internal factor) on the hatching of eggs in 
Mytilocypris henricae are discussed. Other factors 
are either excluded or maintained constant in the 
different treatments. For example, the effect of low 
dissolved oxygen levels is excluded from these 
experiments, as the interaction salinity - dissolved 
-3 
oxygen only becomes important for S > 100x10 
(Geddes 1975a). In the present experiments, S = 
-3 
16~10 is the highest salinity used. 
There is a significant effect of salinity on hatching 
(table 6.1, 6.2) but, according to the results of the 
analysis with the logit linear model, this only 
becomes apparent after 15-20 days. Relying on table 
6.4, this could indicate that the salinity effect is 
only valid for orange eggs. This is an interesting 
result, but more data are necessary to substantiate 
this hypothesis. 
Eggs of Mytilocypris henricae are now known to 
-3 
hatch 
-3 
16x10 in the salinity range S = 0~10 to S = 
Higher salinities may be favourable, but were not 
investigated. Eggs that hatched in distilled water 
were dried prior to transfer, because eggs that are 
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TABLE 6.1. 
Analysis of deviance, using the proportional hazards 
model, for hatching of eggs of Mytilocypris henricae. 
Source 
Df 
chi-square 
significance 
184 
salinity 
2 
9.9 
P<0.01 
TABLE 6. 2. 
Analysis of deviance for hatching responses after 5, 10, 15, 20 
and 25 days in three salinities (all at 20 C), using the legit 
-3 
linear model. (* :S= x.10 ) 
days 
5 
10 
15 
20 
25 
9 
25 
59 
73 
81 
%hatching (*) 
8 
4 
37 
50 
52 
56 
16 
5 
19 
44 
62 
67 
185 
chi-square signif. 
2.38 NS 
8.45 p<o.o25 
4.58 NS 
9.51 P< 0. 01 
14.86 P< 0. 001 
in an advanced stage of embryonic development die 
when they are desiccated (T~tart 1970). Therefore, 
the main part of the embryonal development took place 
in the distilled water. 
Orange eggs hatch slower than yellow eggs (table 6.4) 
and this effect is significant (table 6.3). This 
substantiates the hypothesis that orange eggs can be 
regarded as resting eggs (chapter 5). Which 
physiological factor causes the difference in colour 
and in hatching time is at present not known. But it 
constitutes a very interesting field for future 
research. 
It is important to remember (chapter 3) that eggs 
were transferred from 5 C (storage temperature) to an 
experimental temperature of 20 C for all three 
salinities and there is no doubt that it is this 
increase in temperature which made hatching possible. 
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TABLE 6.3. 
Analysis of deviance, using the proportional hazards model, on 
hatching of eggs of Mytilocypris henricae. Source of variation 
is the colour of the eggs. Degrees of freedom= 1. 
-3 
(* S =X10 ). 
experimental conditions chi-sq. 
s ( *) Temp. 
4 20 c 15.23 
8 20 c 11.47 
16 20 c 7.68 
8 25 c 11. 11 
8 36 c 1.26 
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signif. 
p<0.001 
p< 0. 001 
p<0.01 
p<o.001 
NS 
TABLE 6.4. 
Mean values of hatching time with standard error and 
number of observations for yellow and orange eggs of 
-3 
M henricae in three salinities. (* : S= ~10 ). 
salinity 
( *) 
4 
8 
16 
colour 
of eggs 
orange 
yellow 
orange 
yellow 
orange 
yellow 
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hatching time 
(mean+ S.E.) 
14.50..!. 0.73 
7.95 + 0.76 
1 4. 60 ..!. 1. 38 
6.01 ..!. 0.33 
16.50 + 0.88 
10.38..!. 2.37 
66 
21 
45 
71 
70 
8 
N 
SUMMARY AND CONCLUSIONS 
Very little is known about the non-marine ostracods 
in Australian athalassic saline lakes. Therefore, 
various aspects of the biology of Mytilocypris 
henricae (Chapman) were studied. 
Salinity tolerance was investigated both in direct 
transfer experiments and in acclimation experiments. 
Probably due to a faulty experimental design, 
mortality in the control of the acclimation series 
was very high. Results of these experiments could 
therefore not be used. In the direct transfer 
experiments with adults, combinations of 11 
salinities and 4 temperatures were investigated. It 
appears that both temperature and salinity have a 
highly significant effect on survival of adults. 
However, no significant interaction between 
temperature and salinity could be detected. If one 
accepts that effects of temperature on the 
relationship between blood and environmental 
osmoooncentration are similar to effects of 
temperature on salinity tolerance, ~eh the absence 
of the latter type of interaction indicates that M. 
henricae must be classified in the fourth group of 
Dorgelo's (1981) system. Yet, freezing point 
depression determinations are still necessary to 
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establish whether this species is a hyper-
osmoregulator or an osmoconformer. 
Direct transfer experiments with stage 7 and 8 larvae 
showed that stage 7 is much less tolerant to higher 
salinities than are adults and stage 8 larvae. While 
investigating salinity tolerance of an arthropod 
species, larval stages should also be used in the 
experiments. 
As many authors still use biometric data to 
characterise taxa, it was useful to assess the 
effects of some environmental factors on these 
measures. The postembryonic development was 
investigated in 4 temperatures and 3 salinities. 
Length and height were measured and the Intermoult 
Period determined for each of the lifestages. 
Furthermore, in 8 samples from Lake Bathurst length 
and height were measured on 20 specimens of all 9 
lifestages. From the latter results, it appears that 
significant differences exist between the 8 samples. 
Not enough data are available to correlate these 
differences with any of the environmental factors 
which were monitored in the lake. More information 
however can be obtained from the experiments. The 
effect of temperature is very important animals 
grow more slowly in lower temperatures but eventually 
attain a larger size. Results from the 10C 
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experiment are an exception as these animals grow at 
the slowest rate of all, but remain smaller than 
those at 15C. The length-height ratio's for the 
different instars are significantly different in the 
four investigated temperatures, but no clear pattern 
can be detected. 
Salinity does not seem to affect growth, as length, 
height, intermoult period and the position of the 
growth curves are not significantly different in the 
3 investigated salinities. The length-height ratio, 
however, is significantly affected by salinity and 
from stage 5 onwards, animals seem to grow more 
elongated in lower salinities. This hypothesis might 
prove to be 
reconstruction 
of 
of 
great importance for the 
palaeoenvironments. However, 
experiments illustrating the combined effects of 
temperature and salinity on the shape of the animals 
are necessary, before differences in 'length-height 
ratio's of fossil material can be interpreted. 
A linear growth model is proposed for ~ henricae, a 
crustacean with determinate growth. This model 
implies a positive correlation between the intermoult 
period and the moult increment the moult increment 
is larger when the intermoult period is longer. In 
Crustacea with indeterminate growth, an asymptotic 
growth model has been proposed (Hartnell, 1983) and 
in this case moult increment and intermoult period 
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have a negative correlation : the moult increment 
becomes smaller and the intermoult period longer when 
the animal grows older. 
It is believed that 3 main factors determine the 
seasonal distribution of ostracods temperature 
tolerance, duration of the larval development and the 
ratio resting eggs / subi taneous eggs. A new 
classification of seasonal distribution strategies, 
based on these 3 phenomena, is proposed. 
M. henricae was active in Lake Bathurst (N.S.W.) 
throughout the year and all lifestages were present 
in almost every sample. Only during July were stage 
and 2 larvae rare or completely absent. We can 
therefore speak of a semi-continuous recruitment. 
Relying mainly on the relative abundances of the 
different lifestages, as obtained from qualitative 
sampling, it is concluded that~ henricae produces 3 
successive generations per year in Lake Bathurst. In 
the distribution of the sex-ratio, 3 significant 
peaks in the r"elative abundance of females appear. 
The decline of these peaks coincide in time with the 
end of periods of more intense egg production. The 
hypothesis that is proposed here, requires an initial 
deviation of the 1:1 sex-ratio in favour of females. 
The decline in the relative abundance of females can 
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be explained by a higher mortality of postmature 
females after a period of intense egg production. 
The three peaks in the sex-ratio would then agree 
with the transition between successive genrations. 
Contrary to what was expected, neither the relative 
abundance of female maturity stages nor the counts 
of eggs in uteri of ovigerous females are informative 
on periods of increased reproductive efforts. It 
furthermore appears that egg hatching in more 
temperature-sensitive than is egg production. 
M. henricae is an eurythermal species and can be 
classified according to the system proposed in 
chapter 4, as a type 1.B.2 species. 
Cysticercoids of Cyclophillidae (Cestoda) were found 
in 1.75 % of the investigated female ostracods; 
commensal rotifers were present in 69 % of the 
investigated female ostracods in Lake Bathurst. 
Some preliminary results on egg hatching in this 
species are also discussed. Salinity significantly 
affects egg hatching, although no clear pattern can 
be detected. Orange eggs take longer before they 
hatch than yellow eggs and might therefore be 
considered resting eggs. 
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A number of questions and problems emerge from the 
present preliminary results on eggs hatching in M. 
henricae. 
1. Which physiological (chemical) 
cause the observed differences in 
hatching time of eggs of ~ henricae ? 
backgrounds 
colour and 
2. In which ratios are the two types of eggs 
produced by the three successive generations of 
this species in Lake Bathrust ? 
3. What are the combined effects of temperature 
and salinity upon hatching of both types of eggs ? 
4. Are there other external factors affecting 
hatching of eggs of this species ? 
194 
REFERENCES 
Alm, G. 1916. Monographie der Swedischen SUsswasser 
Ostracoden, nebst systematischen Besprechungen der 
Tribus Podocopa. Zool. Bidr. Uppsala 4 : 1-248. 
Andersen, F.W. 1964. The law of ostracod growth. 
Palaeontology 7 : 85 - 104. 
Barclay, M.H. 1966. An ecological study 
temporary pond near Auckland, New Zealand. 
J. mar. freshwat. Res. 17 239 - 258. 
of a 
Aust. 
Bayly, I.A.E. 1967. The general biological 
classification of aquatic environments with special 
reference to those of Australia. In : A.M. Weatherley 
(ed.) Australian inland waters and their fauna, ANU-
press, Canberra : 79 - 104. 
Bayly, I.A.E. 1969. The occurrence of calanoid 
copepods in athalassic saline waters in relation to 
salinity and anionic proportions. Verh. int. Verein. 
Limnol. 17 : 449- 455. 
Bayly, I .A .E. 1972. Salinity tolerance and 
osmotic behaviour of animals in athalassic saline and 
marine hyper·saline waters. Annu. Rev. Ecol. Syst. 
3 : 233 - 268. 
Belk, D. and M.S. Belk 1975. Hatching temperature 
and new distributional records for Caenastheriella 
setosa (Crustacea, Conchoctraca). S.West. Nat. 20 : 
409 - 420. 
Brewer, R.H. 1964. The phenology of Diaptomus 
stagnalis (Copepoda, Calanoida) the development and 
the hatching of the egg stage. Physiol. Zool. 37 : 
1 - 20. 
Bronstein, Z. 194 7. 
In : Faune de l'URSS, 
URSS, Moscou, 339 pp. 
Ostracodes des Eaux douces. 
Crustaces 2( 1), Acad. Sci. 
Chapman, 
and three 
Ostracoda) 
368 - 378 
M.A. 1966. On Eucypris mytiloides (Brady), 
new species of Eucypris Vavra (Cypridae, 
from Australia. Hydrobiologia 27 
Chivas, A.R., P. De Deckker and J.M.G. Shelley in 
press. Mg, Sr and Ba partitioning in non-marine 
ostracode shells and its use in palaeoenvironmental 
reconstructions -a preliminary study. 
Cunningham, R.B., A. Axelsen and F.H.W. Morley 1981. 
The analysis of the distribution of conception times 
in beef heifers. Aust. J. agric. Res. 32 : 669 -
679. 
196 
Danielopol, D.L. 1980. Sur la biologie de quelques 
Ostracodes Candoninae epiges et hypoges d'Europe. 
Bull. Mus. natn. Hist. nat. Paris, 4e ser., 2 : 471 -
506. 
De Deckker, P. 1978. Comparative morphology and 
review of Mytilocypridinid ostracods. Aust. J. Zool. 
58 : 1 - 62. 
De Deckker, P. 1981. Ostracods of athalassic 
saline lakes. In : W.D. Williams (ed.), Salt 
Lakes. Hydrobiologia 81/82 131 - 144. 
De Deckker, P. 1983. Notes on the ecology and 
distribution of non-marine ostracods in Australia. 
Hydrobiologia 106 : 223 - 234. 
Deevey, E. jr., G.B. Deevey and M. Brenner 1980. 
Structure of zooplankton communities in the Peten 
Lake District, Guatemala. In : W.C. Kerfoot (ed.), 
Evolution and ecology of zooplankton communities. 
University Press of New England, Hanover (N.H.), 
London : 669 - 678. 
Delorme, L.D. and D. Donald 1969. Torpidity in 
freshwater ostracods. Can. J. Zool. 47 : 997- 999. 
Dorgelo, J. 1976. Salt tolerance in Crustacea and 
the influence of temperature upon it. Biol. Rev. 51 : 
255 - 290. 
Dorgelo, J. 1981. Blood osmoregulation and 
temperature in Crustacea. In : W.D. Williams (ed.), 
Salt Lakes. Hydrobiologia 81/82 : 113 - 130. 
Edward, 
Island. 
D.H.D. 1983. Inland waters of Rottnest 
J. r. Soc. West. Aust. 66 : 41 - 47. 
Elofson, 0. 1941. Zur Kenntnis der marinen 
Ostracoden Schwedens mit besonderer Ber~cksichtigung 
des Skageraks. Zool. Bidr. Uppsala 19 : 215 - 534. 
Ferguson, E. jr. 1944. Studies on the seasonal 
life history of three species of freshwater 
Ostracoda. Am. Midl. Nat. 32 : 713- 727. 
Ferguson, E. jr. 1958. 
two species of freshwater 
131 : 549 - 550. 
Seasonal life history of 
ostracods. Anat. Rec. 
Ganning, B. 1967. Laboratory experiments in the 
ecological work on rockpool animals, with special 
notes on the ostracod Heterocypris salinus. 
Helgoland. wiss. Meeresunters. 15 : 27 - 40. 
197 
Ganning, B. 1971. On 
salinus, H. incongruens 
(Crustacea-,- Ostracoda) 
rockpools. Mar. Biol. 8 
the ecology of Heterocypris 
and Cypridopsis aculeata 
from Baltic brakish-water 
271 - 279. 
Gauthier, H. 19 28. Recherches sur la faune des 
eaux continentales de l'Algerie et de la Tunisie. 
Lechevalier, Paris, 420 pp. 
Gauthier, H 1951. Contribution a l'etude de la 
faune des eaux deuces au Senegal (Entomostraces). 
Minerva, Alger, 169 pp. 
Geddes, M.C. 1975. Studies on the Australian brine 
shrimp, Parartemia zietziana Sayee (Crustacea, 
Anostraca). I. Salinity tolerance. Comp. Biochem. 
Physiol. 51A : 553- 559. 
Geddes, M.C. 1976. Seasonal fauna of some ephemeral 
saline waters in western Victoria with particular 
reference to Parartemia zietziana (Crustacea, 
Anostraca). Aust. ~ ~ freshwat. Res. 27 : 1- 22. 
Gillandt. L. 1977. GrBssenwachstum bei 
untersuch an der Larvenentwichlung von 
parvoides Martens, 1977 (Crustacea, 
Podocopida). Abh. Verh. naturwiss. Ver. 
99- 112. 
Ostracoden, 
Cypridopsis 
Ostracoda, 
Hamburg 20 : 
Golterman, H.L. and R.S. Clymo (eds.) 1969. Methods 
of chemical analysis of freshwater. Blackwell 
Scientific Publications, Oxford, 188 pp. 
Gvosdev E.V. and A.P. Maksimova 1978. Eucypris 
inflata, an intermediate host of avian cestodes in 
the biocoenosis of the lake Tengiz. Parazitologiia 
(Leningrad) 12 339 - 344 (Russ., with English 
summ.). 
Hagerman, L. 1978. The life cycle of three species 
of algal living ostracods from brackish water. 
Ophelia 17 : 231 - 237. 
Hairston, N.G. jr. and E.J. Olds 1983. The timing 
of diapause in two co-occuring species of Diaptomus. 
In Abstracts of the 22nd Congress of the 
International Association of Limnology, Lyon : 133. 
Hartmann, G. 1975. 
(ed.), Klassen und 
Gustav Fisher Verlag, 
2(4) : 569- 786. 
Ostracoda. In : H.G. Bronns 
Ordnungen des Tierreichs. 
Jena. Arthropoda, Crustacea. 
198 
Hartnell, R.G. 1983. Strategies in Crustacean 
growth. In J. Lowry (ed.), Papers of the 
conference on the biology and evolution of Crustacea. 
Mem. austr. Mus. 18 : 121 - 132. 
Heip, C. 1976. The life cycle of Cyprideis teresa 
(Crustacea, Ostracoda). Oecologia 24 : 229- 245. 
Heip, C. 1976b. The spacial pattern of Cyprideis 
teresa (Jones,1850) (Crustacea, Ostracoda). ~ ~ 
biol. Ass. U.K. 56 : 179- 189. 
Heitkamp, U. 1979. 
limnischer Cyprididae 
Anz. 202 391 - 412. 
Postembryonales Grosswachstum 
(Crustacea, Ostracoda). Zool. 
Herman, P.M.J. and C. Heip 1983. 
respiration of Cyprideis teresa 
(Crustacea, Ostracoda). Oecologia 54 
Growth and 
Jones, 1850 
300 - 303. 
Herman, P.M.J., C. Heip and G. Vranken 1983. The 
production of Cyprideis teresa Jones 1850 (Crustacea, 
Ostracoda). Oecologia 58 : 326-331. 
Hiatt, R.W. 1948. The biology of the lined shore 
crab Pachygrapsis crassipes Randall. Pacif. Sci. 2 : 
135 - 213. 
Hiller, D. 1972. Untersuchungen zur Biologie und 
zur Okologie limnischer Ostracoden aus der Umgebung 
von Hamburg. Arch. Hvdrobiol .• Suool. 40 : 400-497. 
Hutchinson,G.E.1957. A Treatise on Limnology. Vol.l . New York. Wile~ 
Kesling, R.V. 1951. The morphology of ostracod molt 
stages. Biol. Monogr. 21 : 126 pp. 
Klie, W. 1938. Ostracoda, Muchelkrebse. In : F. 
Dahl (ed.), Die Tierwelt Deutschlands und 
angrenzenden Meeresteile, 34, Krebstiere oder 
Crustacea. Gustav Fisher, Jena, 230 pp. 
Kornicker, L. and C. Wise 1960. 
boundaries of a marine ostracode. 
6 : 393 - 398. 
Some environmental 
Micropaleontology 
Ktlnnemann, H. and H. Precht 
environmental temperature 
I. Poikilothermic animals 
temperature. Zool.· Anz. 202 
1979a. The influence of 
and salinity on 
in the normal 
: 145 - 153. 
animals. 
range of 
Ktlnnemann, H. and H. Precht 1979b. The influence of 
environmental temperature and salinity on animals. 
II. Resistance of poikilothermic animals to heat and 
cold. Zool. Anz. 202 : 154 - 162. 
199 
KUnnemann, H. and H. Precht 1979c. The influence of 
environmental temperature and salinity on animals. 
III. Salinity. Zool. Anz. 202 : 425 - 436. 
Kurata, H. 
Crustacea. 
115 pp. 
Maucheline, 
Crustacea. 
1962. 
Bull. 
Studies on the age and growth in 
Hokkaido reg. Fish. Res. Lab. 24, 
J. 1976. The Hiatt growth diagram for 
Mar. Biol. 35 : 79 - 84. 
Me Fayden, A. 1963. Animal Ecology, aims and 
methods. Pitman, Bath, 344 pp. 
Me Gregor, D.L. 1969. The reproductive potential, 
life history and parasitism of the freshwater 
ostracod Darwinula stevensoni (Brady & Robertson). 
In : J. Neale (ed.), The taxonomy, morphology and 
ecology of Recent Ostracoda. Oliver & Boyd, Edinburgh 
: 194 - 221. 
McKenzie, K.G. and D.A. Pollard 1966. Ostracods in 
the diet of fish from Lake Modewarre, near Geelong, 
Victoria. Newslett. austr. Soc. Limnol. 6(1): 14-17. 
Me Lay, C.L. 1978. The population biology of 
Cyprinotus carolinensis and Herpetocypris reptans. 
Can. J. Zool. 56 : 1170 - 1179. 
Me Lay, C.L. 1978b. Competition, coexistence and 
survival a computer simulation study of ostracods 
living in a temporary puddle. Can. ~ Zool. 56 
1744 - 1758. 
Mikulic, F. 1954. Contribution a la connaissance de 
l'ecologie des ostracodes. Arch. Biol. nauka 
(Beograd) 5 : 61- 67. 
Moore, W.G. 1967. Factors affecting egg-hatching in 
Streptocephalus seali (Branchiopoda, Anostraca). In : 
Proc. Symp. Crustacea 2 : 724 -735. 
Neale, J. 1964. Some factors influencing the 
distribution of Recent British Ostracoda. 
Pubbl. Staz. zool. Napoli 33 (Suppl.) : 247- 296. 
Okubo, I. 
(Ostracoda, 
10 : ,_ 9. 
1974. Chrissia vittata sp.n. from Japan 
Cyprididae). Proc. jap. Soc. syst. Zool. 
Feet, R.K. 1974. The measurements of species 
diversity. Annu. Rev. Ecol. Syst. 5 : 285- 307. 
200 
Poole, R.W. 
ecology. 
532 PP. 
,974. An introduction to quantitative 
Me Graw Hill Publishing Co Ltd., N.Y., 
Ranta, E. ,979. Population biology of Darwinula 
stevensoni (Crustacea, Ostracoda) in an oligotrophic 
lake. Annls. Zool. Fenn. 16 : 28 - 35. 
Reyment, R.A. and B. Br~nnstrBm ,962. Certain 
aspects of the physiology of Cypridopsis (Ostracoda, 
Crustacea) • 
Roessler, E. ,982a. Estudios taxonomicos, 
ontogeneticos, 
ostracodes de 
ecologicos y etologicos sobre los 
agua dulce en Colombia. II. 
Contribucion 
embrionario 
de huevo 
(Ostracoda, 
453 - 466. 
al conocimiento del desarrollo 
tardia y de los procesos de la eclosion 
de Heterocypris bogotensis Roessler 
Podocopa, Cyprididae). Caldasia ,3: 
Roessler, E. ,982b. Estudios taxonomicos, 
ontogeneticos, ecologicos y etologicos sobre los 
ostracodes de agua dulce en Colombia. III. El 
prenauplio y su papel en la eclosion del huevo en el 
genero Chlamydotheca Saussure, ,858 (Ostracoda, 
Podocopa, Cyprididae). Caldasia ,3 635- 647. 
Scheerer-Ostermeyer, E. ,940. Beitrag zur 
Entwicklungsgeschichte der SUsswasser Ostracoden. 
Zool. Jb., Anat. Ontog. Tiere 66 : 349 - 370. 
Schreiber, 
Morphologie, 
Ostracoden. 
538. 
E. ,922. Beitrage zur Kenntnis der 
Entwicklung und Lebensweise SUsswasser 
Zool. Jb., Anat. Ontog. Tiere 43 : 485 -
Semenova, L .H. , 978. 
Heterocypris incongruens. 
48 (in Russ . ) . 
Concerning the biology of 
Akad. nauk USSR 37 : 45 -
Semenova, L.H. ,979. Key features in the biology of 
Candona candida (Ostracoda, Crustacea). Hydrobiol. 
Jb. ,5 : 2, - 24. 
Semenova, L.H. ,980. On 
priomena (G.W. MUller) and 
(Baird) (Ostracoda). Akad. 
Unutrennikh. Vod. Trudy 4, : 
the biology of Isocypris 
Limnocythere inopinata 
nauk SSSR, Inst. Biol. 
~- ,32 (in Russ.). 
Sokal R. and F.J. Rohlf ,98,. Biometry. (2nd Ed.), 
Freeman & Cie, San Fransisco : 859 pp. 
20, 
Spasskii, A.A. and A.L. Kovalenko 1978. Division of 
ontogenesis of ostracods (Crustacea) into periods. 
Proc. Acad. Sci. USSR, biol. Sci. 236 : 450 - 451 
(Eng. transl. )-.-
Tetart, J. 1970. L'eclosion des oeufs des 
Ostracodes d'eau douce etude de l'evolution des 
pontes, de l'ultrastructure des membranes de l'oeuf 
et du processus d'eclosion. Trav. Lab. Hydrobiol. 
6 1 : 1 8 9 - 20 9 . 
Tetart, J. 1971. Etude de quelques populations 
d'Ostracodes dans des milieux astatiques de la vallee 
de l'Isere. Trav. Lab. Hydrobiol. 62 : 75 - 130. 
Tetart, J. 1974. Les Entomostraces des milieux peu 
profond de la vallee du Rhone. Essai d'etude 
ecologique composition des association et 
repartition des especes. Trav. Lab. Hydrobiol. 
64/65 : 109 - 245. 
Theisen, B. 1966. The life history of seven species 
of ostracods from a Danish brakish-water locality. 
Meddr. Danm. Fisk. og Havunders. 4 : 215 - 270. 
Tones, P. 1983. Megalocypris ingens Delorme 
(Ostracoda) in Saskatchewan saline lakes 
osmoregulation and abundance. In U.T. Hammer 
(ed.), Saline Lakes. Hydrobiologia 105 : 133- 136. 
Tressler, W.L. 
study of seasonal 
Islands, Maryland 
71 : 3 - 57. 
and M. Smith 1948. An ecological 
Turpen, J • B • 
molting and 
Heterocypris. 
distribution of Ostracoda, Solomons 
region. Chesapeake Biol. Lab. Publ. 
and R.W. Angell 1971. Aspects of 
calcification in the ostracod 
Biol. Bull. 140 331 - 338. 
Uglem, G.L. 1972. The life cycle of 
1936 
eggs. 
Neoechinorhynchus cristatus Lynch, 
(Acanthocephala) with notes on the hatching of 
J. Parasit. 58: 1071- 1074. 
Valkounova, J. 1981. Most important factors 
influencing the larval development of Cestodes of the 
family Hymenolepididae in Crustacea (Ostracoda). 
Vest. isl. zool. Spol. 45 216- 223. 
Van Harten, D. 1975. Size and environmental 
salinity in the modern euryhaline ostracod Cyprideis 
torosa (Jones, 1850), a biometrical study. 
Palaeogeogr., Palaeoclim., Palaeoecol. 17 : 35- 48 
202 
Vesper, B. 1972. Zur Morphologie und Okologie von 
Cyprideis torosa Jones, 1850 (Crustacea, Ostracoda, 
Cytheridae) unter besondere Bertlcksichtigung seiner 
biometrie. Mitt. hamb. zool. Mus. Inst. 68 : 
21 - 77. 
Walker, K.F,. W.D. Williams and U.T. Hammer 1970. 
The Miller method for oxygen determination applied to 
saline lakes. Limnol. Oceanogr. 15 : 814- 815. 
Williams, W.D. 1966. Conductivity and the 
concentration of total dissolved solids in Australian 
lakes. Aust. ~mar. freshwat. Res. 17 : 169 - 176. 
Williams, W.D. 1981. 
in western Victoria 
studies. In W.D. 
Hydrobiologia 81/82 
The limnology of saline lakes 
a review of some recent 
Williams (ed.), Salt lakes. 
233 - 260. 
Wise, C.D. 1960. Variations in size of ostracods 
cultured from dried soil in the laboratory. Ecology 
41 
Wohlgemuth, R. 1914. Beobachtungen und 
Untersuchungen fiber die Biologie der SUsswasser 
Ostracoden ihr Vorkommen in Sachsen und Bohmen, 
ihre Lebensweise und ihre Fortpflanzung. Int. Revue 
ges. Hydrobiol, biol. Suppl. 6 : 1 - 72. 
203 
APPENDICES 
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These appendices list the individual measurements of 
lifespan and size (length and height) for all the 
ontogeny experiments and for the measurements carried 
out on the samples from Lake Bathurst. 
divided in three groups : 
They are 
A. Measurements of lifespan of the different larval 
instars in the postembryonic ontogeny experiments 
(4 temperatures and 3 salinities). Figures are given 
in days. 
B. Measurements of length and height of left valves 
o f the different lifestages in the postembryonic 
ontogeny experiments (4 temperatures and 3 
salinities). All measurements are represented in urn. 
C. Measurements of length and height of left valves 
of 20 specimens from each of the 9 lifestages in 8 
samples from Lake Bathurst (sample date indicated). 
All measurements are given in urn. 
The tables on lifespan give ~e individual 
identification number for each animal in the 
experiments. These numbers are not indicated in the 
tables from section B. However, for each set of 
treatments the data in the first row of the B-tables 
represent the same animal as the data in the first 
row of the A-tables, the second row in the B-tables 
agrees with the second row in the A-tables and so on. 
205 
A "0" means that there are no data available for that 
instar- of that experimental animal. When an egg did 
not hatch at all, then this is indicated in the A-
tables by a large number in column 1 and "0" in 
columns 2- 11. Data in column 11 in the A-tables 
give the lifespan of the adult stage before it was 
removed from the experiment and are therefor-e not 
very informative. 
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Section A 
1 • Individual identification of each experimental 
animal. 
2. Time before hatching. 
3. Lifespan of stage 1. 
4. Lifespan of stage 2. 
5. Lifespan of stage 3. 
6. Lifespan of stage 4. 
7. Lifespan of stage 5. 
8. Lifespan of stage 6. 
9. Lifespan of stage 7. 
10. Lifespan of stage 8. 
11. Lifespan of adult stage (time before animals 
were removed from the experiment). 
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LIFESPAN IN EXPERif<ENT WITH TEMP. = 20C AND S = 8 X 10-3 
2 3 4 5 6 7 8 9 10 11 
11 7. 1 • 3. 3. 6. 6. 10. o. o. o. 
?1 36. 1 • 3 - 3. 4. ?. o. o. o. o. 
31 6. 1- 2. 4. 5. 9. 1 • 0. o. o. 
41 5- 1 • 2. 4. 11. 9. o. c. o. o. 
51 75. o. 0. 0. o. o. o. 0. o. o. 
61 8. 1- 1 - o. 0. o. 0. 0. o. o. 6? 5- 1 • 2. 4. o. o. n. o. o. o. 
71 23. 2. 3. 3. 5. .. 6. 1 2. 43. o. ~. 
81 1 8. 1 - 2. 6. 2. 0. 0. ('. o. o. 
91 76. o. 0. o. 0. n. o. o. 0. o. 
1 01 7. 1. 2. o. o. o. o. o. o. o. 
102 6. 1 • 2. 4. 5. 9. 9. 1 4. o. o. 
111 20. 1. 3. 4. 4. B. 15. 13. o. o. 
121 17. 1 - 2- 4. 4. 8. 13- 0. o. o. 
131 4. 2. 2. 2. c. 0. o. o. o. o. 
132 6. 1 • 2. 5. 4. 6. 8. 9. o. o. 
141 3. 2. 2. 3. 0. o. o. o. o. o. 
142 6. 1 • 2. 5. 5. 9. 7. 11 • o. 0. 
151 4. 2. 2. 5- 1 0. ?. ,_ 16. 14. 15. 
161 8. 1 • o. o. o. o. o. 0. o. o. 
162 5. 1. 3. 3. 7. 11 • 9. 16. o. o. 
171 8. 1 - 3. 4. 6. o. o. o. o. o. 
181 7. 1 - 3. 6. 6. 14- 10. 15. 17. o. 
'191 9. 1 • 2. 5. 5. 8. 12. 20. o. o. 
201 8. 2. 2. 4. o. 0. a. o. o. o. 
201 8. 2. 2. 4. s. 6. 8. 21. o. o. 
211 6. 1 • 2. 4. 7. 16. o. o. o. o. 
221 15. 2. 2. 4. 6. 6. 7. 16. o. o. 
231 13. 1 • 2. 4. 1 • ('. D. o. o. o. 
241 8. 1 • 3. 1 • o. o. o. o. o. o. 
242 8. 1- o. 0. 0. o. 0. 0. o. o. 
251 27. 1 • 3. 3. 4. 4. 7. 54. o. o. 
261 7. 1. 3. 5. 0. o. o. o. o. 0. 
262 3. 1 • 2. 4. 4. 5. 7. 11 • 1. o. 
271 5- 1. 2. 5. 3. 0. o. o. o. o. 
272 4. 1. 3. 5. 6. 7. 6. 13. 7. o. 
281 4. 2. 2. 6. 2. o. o. o. o. o. 
282 4. 1. 2. 5. 4. 5. 7. 18. 17. o. 
291 6. 1 • 2. 4. 9. 15. o. o. D. (i. 
31}1 2. 2. 2. 4. 9. o. o. o. o. 0. 
311 3. 1- 2. 5- 10. 12. o. o. o. o. 
321 20- 1 • 3. 5. 4. 5. 8. 1 2. 16. o. 
331 17. 1 • 2. 5. 6. 5. B. 11 • 4. 0. 
341 4. 1 • 3- 4. 10. 6. 15. o. 0. o. 
351 3. 2. 2. 4. 9. C") 1- o. 0. o. 
361 20. 1- ~ '. 5. o. o. o. 0. 0. o. 371 16. 1 • 2. 4. s. 7. 8. 20. 13. o. 
381 2. 2. 2. 4. 6. 7. 15. o. o. o. 
391 6. 1. 2- 4- 5. 10. n. 0. o. o. 
401 4. 1 - 2. 5. 11 • 7. 10. 8. o. o. 
411 16. 1- 2. 5. 4. 5. 17. o. o. o. 
421 4. 1- 2. 5. 9. 7. 8. 18. 17. o. 
431 38. o. D. o. o. 0. 0. o. o. o. 
441 11- 1 •. 2- 4. 4. 6. 15. D. o. o. 
451 11- 1. 2- 5. 4. 8. 8. 14. o. o. 
461 7 .• 1. 2. 4. 7. 10. 13. 12. o. o. 
471 21- z. 3. 4. 3. s. o. o. o. o. 
481 26- 1. 2. 7. 7. 1- o. o. o. 0. 
491 2. 1- 3. 5. 12. 7. 8. 24. 42. o. 
5 01 104- o. o. o. o. o. o. o. o. o. 
511 2. 1. 3. 3. 13. 9. .. 15- o. o. ,_ 
521 2. 1. 3. 3. 9. 0. o. o. 0. o. 
5 31 14. 0. o. o. 0. o. o. 0. o. o. 
208 
TEMP.= 20C AND S = 8x. 10-3 (CONT.) 
2 3 4 5 6 7 8 9 10 11 
541 24. 1 • 3 • 4. 5. 1 (). 1 5. 0. o. o. 
551 8. 1 • 2. 5. 7. 9. 1 0. 6. o. 0. 
s 61 B. 1 • 3. 7. 6. 7. 11 • 16. 35. o. 
571 3. 1 • 3. 4. 11 • 13. 0. 0. 0. 0. 
s 81 3. 1 • 3. 4. 10. 7. 1 .- • 11 • 0. o. 
5 91 70. o. o. D. D. 0. 0. o. o. o. 
601 3. 2. 2. 5. 4. o. o. o. o. o. 
602 2. 1 • 3. 3. 5. 4. 8. 11 • 23. 25. 
611 7. 1 • 2. 4. 8. 6. 10. 42. o. o. 
62i i . 2. 2 • 4. 6. o. o. c- (J. o. 
622 5. 3. 5. 5. ... J. 8. 17. 0. c. 
631 1 • 2. 2. 4. 7. o. o. o. D. ['. 
632 8 ... 1 • 1 • o. 0. 0. o. 0. o. o. 
641 4. 1 • 2. 7. 3. 0. 0. D. o. o. 
642 2. 1 • 3 • 4. 5. 5. 8. 1 5 • o. 0. 
651 8. 2. 2. 6. 7. o. o. o. o. 0. 
661 3. 1 • 2. 8. 1 • [)- o. 0. o. o. 
671 2. 2- 2. 4. o. 0. o. 0. o. o. 
67? 17. 1 • 3. 4. 4. 7. 1 0. 16. 19. o. 
681 70. 2. 2. 4. 8. 1 (]. 8. 1 6. 16. o. 
691 1 5. 
"· 
2. 5. 7. 5. 8. 1 3. 10. o. 
701 1 • 2. 0. o. o. o. o. 0. o. o. 
702 1 . 2.., 4 •. 4. 5. 7. 1- 0 • o. o. 
711 1 . ? • ? • 3. 7. ... J • 1 • 0. o. o. 
721 23. 2. 3 • 3. 5. r 7. 14. o. o. 
-'· 
731 12. 1 - 3. 3. 5. 10. 0. 0. o. o. 
741 6. 1 - 2 - 5. 5. o. o. 0. o. o. 
751 4. 1- 3. 5. 1 2. 9. 0. o. o. o. 
761 7. 1 • 2. 5. 1 8. 0. o. o. o. o. 
771 3. 1. 2 • 5. 1 2. 10. 10. 14. o. 0. 
781 8. 2. 3. 9. o. ('\. o. o. G. o. 
791 6. 1. 3- 6. 1 2. o. o. o. o. o. 
801 4. 2. 0. o. o. o. 0. o. 0. o. 
802 4. 1 • 3. 3. 5 • 1 4 • o. o. o. o. 
811 1 • 1 • 2 • 5. 1 . 1?. D. 0. o. o. 
821 22. 1 • 4. 6. 7. 8. 23 ... 0 .,.. o. o. 
831 13. 1. 2. 5. 7. 4. D. 0. 0~ o. 
841 2. 1 • 3. 3. 4. e. r J. 0. o. 0. 
851 1 D4. 0. D. o. o. 0. o. 0. 0. ('. 
861 41. 1 • 2. 4. 5. 7. 1 - o. o. 0. 
871 3,.. 2. 2. 2. o. D. 0. 0. o. o. 
872 14. 1. 2. 5. s. 4. o. 0. o. o. 
881 6. 1- L 4. 1 . 1 • 0. 0. o. D. 
891 6. 1 • 3 • 4. 5 • 7. 11 • 0. o. o. 
901 18. I. 2. 5. 4. 5. 8. 1 2. ':tJ t ( __ - c .. 
911 3. 2. . 2. 3 • 1). [l • o. 0. o. o. 
91 2 7. 1 • 2. 4. 6. B. o. 0. o. o. 
9 21 4. 1 • 3~ 4. 6. 0. D. 0. D. o. 
922 5. 1 • 3. 4. 4. 4. 7. 1 • o. o. 
931 3. 2. 2. 4. 5. o. 0. o. 0. o. 
932 3. 1 • 2. 6. 4. 6. 6. 12. o. o. 
94~ o. 2. 2. 4. 4. 9. o. o. o. o. 
951 7. 1 • 2. 6. 9. 3. D. 0. o. o. 
961 o. 2. 2. 4. 8. 5. B. 1 3- o. o. 
971 1 • 1 • 3. 4. 7. 7. 1 • o. o. o. 
981 2. 1 • 3. o. o. o. o. o. o. o. 
982 4. 1 • 2. o. o. o. o. 0. o. c. 
983 7. 2. 3. 3. 4. 4. 6. 9. 47. o. 
991 7. 1 • 3. 1 • 0. D. o. o. o. o. 
992 8. 1 • 3. 3. 4. 6. 7. 19. D. o. 
10D1 6. 1 • 2. 4. 8. 7. 
"· 
14. 7. c. 
209 
LIFESPAN IN EXPERIMENT Willi TEMP. = 25( AND S = 8x; 10-3 
2 3 4 .5 6 7 8 9 10 11 
11 8. 1 • 3 • 4. 3. D. u. o. o. o. 
21 54. 0. 0. 0. o. o. 0. 0. o. o. 
31 R. 1 • 2. 5. 0. o. o. o. o. o. 
41 7. 1 • 2. 4. 1 • 0. 0. 0 • o. o. 
51 7. 1. o. o. 0. 0. o. 0. 0. c. 
52 1 5. o. 0. o. o. o. o. o. o. o. 
61 
'· 
1 • 3. o. 0. 0. 0. o. o. o. 
62 8. 1. 3. 2. 4. 7 4. 0. o. o. 
-'• 
71 4. 1 • 0 •. o. o. 0. o. 0. [J. o. 
72 12. 1 • 2 • 3. 4. 4. -, 15 • o. o. I • 
81 4- 1 • 3. 1 • 0. n. o. 0. 0. c. 
82 2 2 • o. D. o. o. o. c. o. o. o. 
91 4 7. 0. D. o. o. D. 0. 0. 0. 0. 
1 D1 52- o. D. 0. 0. 0. 0. 0. o. o. 
111 4. 1 • 2. 5. 7. 0. o. 0. 0. o. 
1 21 45. o. 0. 0. o. 0. 0. o. o. o. 
1 31 32. D. 0. o. o. o. D. o. o. o. 
141 1 0. 1. 2 • s. 0. 0. 0. o. o. o. 
1 51 1 0. 1 • 2. 3. 0. 0. o. 0. o. n. 
1 61 4. 1 • D. 0. 0. 0- C·. o. o. 0. 
162 8. 1 • 3. 4. 4. 5. I • c. o. o. 
1 71 8. 1 • 3. 4. 0. o. o. 0. o. 0. 
1 81 23. o. 0. o. o. 0. o. o. o. o. 
1 91 7. 1 • 2. 6. 7. 1 • o. 0. o. 0. 
201 4. 1. 1 • 10. 7. o. o. 0. o. 0. 
211 7. 1 • 2. 7. 6. 10. 4. 0. o. c. 
221 53. o. o. 0. o. o. o. 0. o. o. 
231 8. 1 • 2. 4. 0. o. o. n. o. o. 
241 1 9 • o. D. 0. D. o. o. D. D. o. 
2 51 37. 0. D. 0. 0. D- D. c. o. o. 
261 4?. o. D. o. o. o. o. 0. D. o. 
271 1 0 • 1 - 2. 8. o. 0. o. o. o. o. 
281 8. 1 • 2 • 5. 0. 0. o. D. o. 0. 
291 47. o. 0. o. o. o. 0. 0. c. 0. 
301 47. o. 0. o. 0. n. (). 0. o. o. 
311 48. D. o. D. o. D. c. o. o. o. 
321 52. D. 0. 0. o. o. o. 0- o. o. 
331 7. 1. 2. 8. 9. c. c. o. o. o. 
341 8. 1 • 2. 1D. 6. 6. 7. 0. D. o. 
351 11 • 1 • 2. 3- 12. o. o. 0. o. 0. 
361 47. o. o. o. 0. c. 0. 0. o. o. 
371 7. 1- 2. 3. 5. 1 - o. 0. o. 0. 
381 28. o. D. o. 0. o. n. o. n. 0. 
391 4. 1 • 2. 8. o. 0. 0. (l. 0. o. 
401 47. o. 0. o. 0. 0. [1. o. o. D. 
411 4. 1 • 2. 7. o. 0. o. D. o. o. 
421 26. 0. 0. 0. o. o. 0. o. D. o. 
431 1 3. 1 • 1 • 6. 1. (l • o. o. o. 0. 
441 14. 1 • 2. 4. 4. 7. o. 0. o. o. 
451 10. 1 • 3. 4. 9. 9. ~ 16. o. c. ' . 
461 9. 2. 1 • o. o. 0. 0. 0. o. 0. 
462 32. o. o. 0. 0. o. 0. 0. o. o. 
471 4. 1 • 1 • 6. o. o. o. 0. o. o. 
472 9. 1. o. o. D. D. o. o. o. 0. 
481 8. 1. 2. 10. 2. o. o. 0. D. 0. 
491 11 • 1 • 2. 5. o. o. o. o. D. o. 
5D1 11 • 1 • 2. 5- 7. o. o. o. o. o. 
511 14. 1 • 2 • 4. 8. o. 0. D. D. o. 
5 21 7. 1 • 2. 5. 0. o. 0. 0. o. o. 
531 35. 0. o. 0. o. o. o. D. o. o. 
541 4. 1 • o. 0. o. o. 0. o. o. o. 
542 33. o. 0. o. o. 0. o. 0. o. o. 
551 46. o. 0. o. D. o. r. o. o. 0. 
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TEMP. = 25C AND S = 8 K 10-3 (cONT.) 
2 3 4 5 6 7 8 9 10 11 
5 61 7. 1 • 2. 3. 5. 6. 4. o. o. o. 
571 46. 0. o. o. 0. 0. r. o. o. o. 
581 8. 1. 2. 8. 0. o. o. o. o. o. 
591 4. 1. 0. o. o. 0. o. o. o. o. 
592 19. 1. 2. 3. 3. 5. 6. o. o. 0. 
601 5 • 2. o. o. o. o. o. 0. o. o. 
611 8. 1. 2. 7. 1 • o. o. 0. o. o. 
621 ,_ 2. 2. 4. 13. 0. o. o. o. o. 
631 1 2. 1. 2. 11 • o. 0. o. 0. o. o. 
641 10. 1. 2. 9. 0. o. 0. 0. o. o. 
651 7. 1 • 2. 3. B. 6. 2- o. 0. o. 
661 9. 1 • 2. 7. 6. o. 0. o. o. o. 
671 46. o. o. o. o. o. o. o. o. c. 
6B1 23. o. o. o. o. o. o. o. o. o. 
691 46. o. o. o. 0. (\. o. 0. 0. 0. 
701 52. o. 0. o. 0. o. 0. o. o. o. 
711 4. 1- o. 0. o. c. o. 0. o. r. 
712 16. 1 • 2. 4. 4. 6. 12. o. o. 0. 
721 B. 1 - 2. 4. o. o. o. o. 0. o. 
731 8. 1 • 2. 4. 7. n. o. o. o. 0. 
741 46. o. o. o. o. o. o. o. o. n. 
751 33. o. o. o. 0. 0. 0. o. 0. 0. 
761 14. 1 - 2. 4. 3. 1 • o. o. o. o. 
771 4. 1. o. o. 0. 0. o. 0. o. o. 
772 8. 1 • 1 • 4. 4. 4. 1 • 0. o. o. 
781 8. 1 • 2. 2. o. o. o. o. o. o. 
791 34. 1. 2. 3. 4. 6. o. o. o. 0. 
801 1 3. 1 • 2. 5. 6. o. o. o. o. o. 
811 4(!. o. o. 0. o. o. o. o. o. o. 
821 44. 0. 0. o. 0. r • o. 0. o. G. 
831 9. 1 • 4. 0. o. o. c. (1. o. o. 
M1 8. 1. 2. 7. 4. o. o. 0. o. D. 
851 B. 1 • 3. 5. 10. c. n. o. o. o. 
861 5. o. o. o. o. o. o. o. o. o. 
871 52. 0. o. 0. o. n. c. o. o. 0. 
881 8. 1. 3. 10. o. o. o. o. o. o. 
891 3. 2. 2. 6. o. 0. o. o. o. o. 
901 11 • 2. 5. o. o. o. o. o. o. n. 
911 ?8. o. o. o. n. o. n. o. o. 0. 
921 1 5. 2. o. o. 0. 0. 0. o. 0. o. 
931 8. 2. 1 • 2. o. o. o. o. 0. o. 
941 27. o. 0. o. 0. o. o. o. o. o. 
951 52. o. o. o. 0. n. o. o. o. o. 
961 27. 1 • 2. 3. 4. 10- o. 0. o. o. 
971 7. 1- 2. 4. 5. 6. 7. 16. o. 0. 
981 27. 0. o. o. o. o. o. 0. 0 .• o. 
991 28. o. o. o. 0. 0. 0. o. o. 0. 
1001 9. 2. 2. o. o. o. o. o. o. o. 
211 
LIFESPAN IN EXPERIMENT WITH TEMP, = 15( AND S = 8 ><. 10-3 
2 3 4 5 6 7 8 9 10 11 
11 32. o. o. o. o. o. 0. 0. 0. o. 
21 13. 2. 5. 10. o. o. D. D. D. ('. 
31 32. D. o. o. c. o. o. o. o. c. 
41 14. 2. 4. s. 6. 11 • 17. 0. o. o. 
51 10. 1. 5- s. 4. 7. 7. , 3. 72. o. 
61 3?. o. 0. o. o. o. 0. 0. o. o. 
71 13. 2. 4. 6. 17. 0. o. 0. o. o. 
81 12. 1 - 4. 6. 7. 6. 8. 24. o. o. 91 32. o. o. o. o. o. o. o. 0. D. 
1 D1 11 • 2. 4- 6. 5. 6. e. 29. 2D. o. 
111 1 5- D. D. D. D. o. o. o. D. D. 
121 1 2. 2. 4. 7. 13. 3. o. D. o. D. 
131 32. o. D. o. o. o. D. o. D. D. 
1 41 5. 2. 4. 5. 8. 8. 8. 1 5. ~8. D. 
1 51 8. 1 • s. 7. 7. 8. 10. 14. D. o. 
1 61 136. o. 0. o. D. o. o. D. 0. o. 
1 71 32. D. 0. D. o. o. o. n. o. o. 
1 81 1 1 - 2. 4. 9. 0. o. o. 0. o. c. 
1 91 6. 2. 3. 7. 9. 7. 8. 12. 11 - o. 
201 3?. 0. o. o. o. o. o. o. D. o. 
211 9. 1- 4. 7. 7. s. 7. 17. D. c. 
221 8. 2. 4. 6. 6. 6. 16. 22. 21 • 0. 
231 32. o. o. D. 0. D. o. D. D. o. 
241 13. 1. 3. 6. 1 2- o. (). o. o. o. 
251 8. 1 • 4. 6. 7. 9. 16- o. D. D. 
261 4. 2. 5. 6. 8. 6. 10. 40. 0. D. 
271 10. 2. 7. 5. 8. o. 14. o. o. o. 
281 4. 1. o. o. o. o. o. o. o. o. 
282 13. 2. 6. o. o. c. o. 0. o. o. 
?91 12. 2. 3. 6. 7. 7. 9. 32. 13. o. 
301 32. o. 0. o. o. o. c. o. o. o. 
311 10. 2. 4. 6. 1. o. D. o. o. o. 
321 32- 0. 0. o. 0. D. o. o. 0. 0. 
331 12. 1 • 4. 10. o. o. o. o. o. o. 
341 3?. 0. o. o. o. o. o. 0. o. o. 
351 9. 1- 4. 6. 6. 7. 9. 16. 33. o. 
361 8. 2. 4 • 6. 6. 6. 8. 12. 22. 17. 
371 9. 2. 3. 6. f>. 6. 9. 50. o. o. 
381 1 2- 1. 4. 6. 17. o. (; . 0. o. o. 
391 32. c. 0. o. o. o. o. o. 0. 0. 
401 4. 3. 5. 5. 7. 1 • o. o. o. o. 
411 10. 2. 4. 6. 5. 5. 6. 9. 25. o. 
421 1 2. 2. 4. 6. 16. ('. 0. o. o. o. 
431 13. 2. 5. 9. o. o. o. 0. o. o. 
441 6. 3. 3. 11 • 1 • o. o. o. o. o. 
451 32. o. 0. o. o. o. o. o. o. o. 
461 8. 1 - 4. 5. 6. 6. 9. 14. 1 3. o. 
471 1 5. 2. 3. 6. 5. 6. 7. 1 5. 2~- 5. 
481 9. 0. 0. o. o. o. o. o. o. o. 
491 8. 1- 4. 5. 6. 9 . 12. 22. 24. D. 
5 01 8. o. 0. o. 0. (l • c. 0. D. o. 
502 9. 2. 5. 6. 0. o. c. o. o. o. 
511 13. 2. o. o. o. o. 0. o. o. 0. 
5 21 32. o. 0. o. o. o. o. o. o. o. 
531 32- o. 0. o. 0. o. 0. o. o. o. 
541 11. 2. 4. 11- 0. o. o. 0. 0. D. 
551 14. 1. 7. o. o. o. o. o. o. o. 
561 13. 1. 4. 6. 7. 7. 9. 19. o. o. 
5 71 4. 2. 4. 6. 1 • o. o. o. o. o. 
581 4. 2. 4. 5. 7. 8. 8. 16. o. o. 
591 32- o. o. o. o. 0. o. o. o. o. 
601 5. 2. 4. 5. 14. 5. 6. ;>8. 0. 0. 
611 32. o. o. o. o. [1. o. o. o. o. 
212 
TEMP, = 15C AND S = 8~ 10-3 ( CONT. ) 
2 3 4 5 6 7 8 9 10 11 
621 9. 1. 4. 4. o. o. o. o. o. o. 
631 32. 0. o. 0. o. o. 0. 0. o. o. 
641 21 • o. o. 0. o. o. o. o. o. o. 
651 32. o. o. o. 0. o. o. o. 0. o. 
661 8. 1. 4. 6. 6. 6. H'. 50. o. o. 
671 4. 2. o. o. o. 0. o. o. o. o. 
681 32. 0. 0. 0. o. 0. o. 0. o. o. 
691 9. 2. 3. 15. 0. c. c. o. o. o. 
701 32. o. o. o. 0. o. o. 0. o. 0. 
711 12. 1. 4. 10. o. o. o. 0. o. o. 
721 15. o. 0. o. 0. o. o. o. o. o. 
731 1 5. 1. 4. s. 6. 9. 7. 26. o. D. 
741 10. 1 • 4. 5. 5. 8. 8. (8. o. c. 
751 23. o. o. o. o. o. o. o. o. o. 
761 18. 1. 3. 4. s. 24. o. 0. 0. o. 
771 32. o. o. o. 0. o. o. 0. o. o. 
781 32. o. o. o. o. 0. o. o. o. o. 
791 32. o. o. o. o. o. o. 0. o. o. 
801 4. 1 • 0. o. 0. o. o. D. o. o. 
802 24. o. o. o. 0. o. r. 0. o. o. 
811 16. 1 • 5. 10. o. o. o. o. o. o. 
821 4. 3. 6. 5. 6. 6. 7. 1 2. 13. 0. 
831 1 2. 1. 4. 6. 10. 7. o. 0. o. o. 
841 3?. o. o. o. 0. o. o. o. o. o. 
851 10. ?. 4. 7. 10. o. o. 0. o. c. 
861 16. o. o. o. 0. o. o. o. o. o. 
871 11 - 1 • 4. 6. 7. 6. 8. 1R. o. o. 
881 32. o. o. o. 0. o. o. 0. o. o. 
891 13. 2. 4. 8. 0. o. o. o. o. o. 
901 32. 0. o. o. o. 0. o. o. o. o. 
911 1 2. 2. 4. 7. t .• 6. 8. 14. 34- c. 
9 21 71 • 0. 0. o. 0. (1. o. o. o. o. 
931 14. o. o. o. o. o. o. o. o. c. 
941 32. 0. D. o. 0. n. o. 0. o. o. 
951 13. o. o. o. 0. o. o. o. o. o. 
961 5. 2. 4. 5. 7. 16. 7. 11 • 23. 14. 
971 4. 2. 5. 5. 7. 7. 7. 27. o. o. 
981 9. 1 • 3. 9. 17. o. o. o. o. o. 
991 24. o. 0. o. o. o. o. 0. o. o. 
, 001 14. 2. 4. 6. 17. o. o. 0. o. o. 
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LIFESPAN IN EXPERIM::NT Will-I TEMP, = lQC AND S = 8;<. 10-3 
2 3 4 5 6 7 8 9 10 11 
11 1 4. o. o. o. o. o. o. o. o. o. 
21 33. 0. o. o. 0. o. o. 0. o. o. 
31 33. o. D. 0. 0. o. r. o. 0. o. 
41 5. o. D. o. o. o. D. o. 0. o. 
51 10. 3. 10. 1. D. D. D. o. o. D. 
61 8. 1. 1D. 14. D. 0. o. o. D. n. 
71 8. 4. 8. 14. 14. 13. 17. o. D. 0. 
81 12. 4. 9. 27. o. r. 0. D. D. o. 
91 33. o. D. o. o. a. o. o. o. o. 
1 D 1 33. D. D. D. o. o. o. o. D. o. 
111 7. o. D. o. o. o. 0. 0. D. c. 
1 21 33. o. 0. 0. D. o. o. o. 0. 0. 
131 9. o. o. o. o. 0. o. o. D. D. 
1 41 3. 1 • D. D. o. o. o. o. D. o. 
1 51 5. D. o. o. o. o. o. 0. 0. o. 
1 61 7. o. 0. o. o. o. o. 0. o. (). 
1 71 8. 2. 9. 21 • 8. o. o. 0. D. 0. 
1 81 2. 3. o. 0. o. o. o. 0. o. c. 
191 2. 2. 0. o. o. o. c. o. o. o. 
?01 33. o. 0. o. 0. (1. a. o. o. n. 
211 9. 4. 3. o. o. ('. o. o. o. o. 
221 9. 3. 12. 2. o. o. D. D. o. o. 
231 9. 2. 1D. 4. 0. o. D. D. D. D. 
241 7. D. o. 0. o. 0. o. o. o. o. 
251 7. o. D. o. o. 0. c. o. D. D. 
261 2. 2. o. o. o. o. a. o. o. o. 
271 8. o. o. o. D. D. c. o. o. o. 
281 13. 3. D. o. 0. D. o. c. o. o. 
291 13. 2. 8. 18. 21. o. a. o. c. c. 
3D1 3. D. D. D. 0. o. o. (I- o. D. 
311 2. o. o. o. D. 0. o. D. D. D. 
321 1 D. 4. o. G. D. 0. c. c. o. o. 
331 10. o. 8. 12. 15. 5. o. o. D. o. 
341 3. o. o. D. o. o. o. D. 0. D. 
3 51 3. D. D. D. D. D. D. D. o. D. 
361 1D. 1 • 8. 15. 18. 19. 8. D. D. D. 
371 1D. 2. 7. D. D. o. D. D. o. D. 
381 33. 0. D. D. o. o. o. D. D. D. 
391 1D. 1. 9. 16. 14. 18. 8. 3. o. o. 
4D1 33. o. D. 0. D. o. o. D. 0. 0. 
411 27. o. o. o. o. o. o. 0. o. o. 
421 7. o. D. 0. 0. 0. a. o. o. o. 
431 33. 0. 0. o. o. o. r.. o. o. 0. 
441 33. o. D. o. o. o. D. o. D. o. 
451 12. 5. 14. o. o. (1. o. 0. 0. G. 
461 3. D. D. o. o. o. o. c. o. o. 
4 71 8. o. 0. D. 0. o. o. o. o. o. 
481 25. 1 - 8. 12. 6. o. o. 0. o. 0. 491 9. o. o. 0. o. o. o. o. o. D. 
501 16. 4. 8. 14. 14. 15. 8. D. o. 0. 
511 33. 0. o. o. 0. o. c. 0. o. o. 
521 27. 4. 8. 11 • 11 • 13. 5. o. o. o. 
531 25. 4. o. o. 0. c. o. o. o. c. 
541 7. o. 8. 17. 0. o. a. 1 • o. o. 
551 8. 4. 13. 1. o. o. 0. D. o. o. 
5 61 10. 2. 14. 2. D. D. o. o. D. o. 
571 33. D. D. o. D. a. o. D. D. o. 
581 23. 2. 9. 14. 12. 12. 6. o. o. D. 
591 11 • 4. 10. 4. c. o. D. c. o. o. 
601 9. 3. 10. 46. 1 1 • o. o. D. 0. o. 
611 13. 4. 9. 14. 14. 25. o. o. o. o. 
621 15. 2. 9. 16. 16. 20. 1 • o. o. o. 
631 22. 3. 9. 12. 1 D- 12. 11 • c. c. 0. 
214 
TEMP, = lOC AND S = 8K 10-3 (cONT.) 
2 3 4 5 6 7 8 9 10 11 
641 5. o. 0. 0. o. o. D. o. o. D. 
6S1 7. 1 • 9. 28. 0. D. 0. 0. u. G. 
661 5. 0. 0. o. o. o. o. 0. o. o. 
671 7. 2. 8. 4. D. D. o. o. o. 0. 
681 9. ? • 1 D. 27. 16. 1 5. o. o. o. D. 
691 H. 4. 9. 11 • 1 2. 19. 6. 0. D. o. 
701 1 D. 2. 9. 4. D. 0. 0. o. D. D. 
711 1 2. 3. 9. 25. 3. n. o. D. o. D. 
721 27. 4. 8. 13. 24. 3. o. o. o. o. 
731 33. 0. D. D. 0. G. c. (1. 0. o. 
741 10. 1 • 14. 2. o. 0. 0. c. o. o. 
751 9. 3. 1 D. 20. 15. 19. 3. 0. 0. o. 
761 7. 0. 0. 0. 0. 0. D. o. o. D. 
771 7. 3. 8 • 19. 19. 23. D. o. o. o. 
781 9. ., L • 9. 17. 8. D. r>. 0. o. D. 
791 1 2. 2. 9. 16. 1 5 • 4. o. 0. D. 0. 
I'ID1 1 0. 2. 1 D. D. o. 0. o. 0. o. o. 
1111 1 0. 2. 1 0. 21 • 18. 18. o. o. o. o. 
821 1 0. 4. 18. o. o. 0. 0. o. o. 0. 
831 8. 3- 9. 24. ?4. o. o. D. o. o. 
841 7. z. 9. 0. o. o. 0. 0"' o. o. 
851 5. o. 0. o. o. o. D. o. o. o. 
861 1 5 • 4. 8. 15. 21 • D. D. D. o. o. 
8 71 6. 1 • 8. 2. o. o. D. 0. o. o. 
881 9. 1 • 9. 4. o. 0. 0. 0. o. o. 
891 1 0. 1 • 11 • 21 • o. o. 0. 0. o. o. 
901 33. o. D. D. 0. o. o. 0. o. o. 
911 1 2 • 4. 9. 15. 21. 18. o. o. D. o. 
921 1 3. 4. 8. 13. 11 • 13. 13. 4. D. D. 
931 1 D. 2. 8. 11 • 1 3 • 17. 1 • 0. 0. c. 
941 7. 3. 8. 14 • 2. 0. o. 0. Cl • o. 
951 11 • 4. 11 • 14. 12. 16. 11 • o. o. o. 
961 7. 3. 6. 9. 11 • 1 2. 15. 16. 0. o. 
971 66. 3. 9. 10. 1 5. 13. 16. 4. o. c. 
981 4. 0. 0. o. 0. 0. o. 0. D. o. 
991 4. o. o. 0. o. 0. o. D. o. G. 
1001 9. 0. D. o. 0. o. o. 0. o. D. 
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LIFESPAN IN EXPERII"ENT WITH TEMP, = 20C AND S = 4x 10-3 
1 2 3 4 5 6 7 8 9 10 11 
11 4. 1 • 3. 4. o. o. o. o. o. 0. 
21 n. 1. 3. 5. 1 5. 1 • o. o. o. o. 
31 11 • 1. 4. 7. 10. D. o. 0. o. o. 
41 9. 1. 4. 6. 8. 7. 14. 7. o. o. 
51 2. 1. D. o. o. o. o. o. o. o. 
61 16. 1. 3. 4. 6. 7. 43. o. o. o. 
71 13. ?. 2. 4. 5. 5. 6. 11 • o. o. 
81 7. 2. 3. 7. 7. 7. 9. 20. 18. o. 
91 1 3. 1. 3. 5. 7. 8. 4. o. o. o. 
101 13. 2. 2. 4. 5. 1 • D. o. o. o. 
111 39. o. o. D. 0. o. o. o. o. o. 
121 11 • 1. 3. 6. 8. 7. 7. 18. 19. o. 
131 9. 2. 3. 5. 6. 9. 9. 16. o. o. 
1 41 16. 1 • 3. 4. 7. 8. 23. o. o. o. 
151 11. 2. 2. 4. 5. 6. 6. 25. o. o. 
161 2. o. 0. c. 0. o. r. o. o. o. 
171 8. 1. 4. 4. 7. 7. 10. 24. o. o. 
181 3. o. o. 0. 0. o. o. 0. o. o. 
191 13. 1. 2. 4. 4. 7. 10. 26. o. o. 
201 8. 2. 3. 5. 6. 1 • 0. o. o. o. 
211 15. 1. 3. 5. 7. 14. 1 8. o. o. o. 
221 7. 1. 3. 8. 12. 0. o. o. o. 0. 
231 3. 2. 3. 10. o. o. o. 0. o. o. 
241 47. o. o. o. o. o. o. o. o. o. 
251 9. 2. 3. 4. o. o. o. o. 0. 0. 
261 3. 2. 2. 4. 10. o. o. o. o. o. 
271 76. 1. 4. 7. 9. 9. 30. o. o. o. 
281 15. 1. 0. o. o. o. o. o. 0. 0. 
291 18. 2. 3. 5. 6. 8. 14. 12. o. o. 
301 20. 2. 2. 5. 5. 8. 13. o. o. n. 
311 13. 1. 3. 6. 8. 22. o. 0. 0. o. 
321 4. 2. 3. 5. o. o. o. o. o. o. 
331 13. 1 • 3. 4. 5. 6. 7. 12. 29. a. 
341 13. 1 • 3. 7. 6. 12. 25. o. o. o. 
351 21 - 1 • 3. 5. 0. o. o. o. o. 0. 
361 21. 2. 2. 4. 4. 5. 6. 9. 21. 5-
371 so. o. o. o. a. o. o. o. o. o. 
381 12. 1 • 2. 5. 7. 10. 23. 0. o. o. 
391 14. 1. 2. 5. 0. o. o. o. o. o. 
401 11 • 1. 3. 5. 6. 7. 15. o. o. 0. 
411 13. 2. 2. 5. 7. 8. 12. 14. 17. G. 
421 12. 1. 3. 5. 5. 6. 6. ll. 21. o. 
431 4. 2. 4. 3. o. o. o. 0. o. o. 
441 14. 2. 2. 10. 1. o. o. o. o. o. 
451 1 5. 1. 3. 4. 7. 9. 16. 25. o. c. 
4b1 35. 1 • 3. 4. 5. 7. 7. 12. 6. a. 
471 9. 2. 3. 5. 7. 16. o. o. o. o. 
481 8. o. o. o. 0. o. o. 0. o. o. 
491 12. 1 • 3. 7. 11 • 12. 7. o. o. o. 
501 1 • 2. 3. 7. 7. 8. 12. 33. o. o. 
511 79. 1. 3. 10- 7. 5. 8. 23. o. o. 
521 3. o. o. o. o. o. o. o. o. o. 
531 39. o. D. 0. o. o. o. o. o. c. 
541 22. 1. 3. 2. o. o. o. o. o. o. 
551 13. o. o. o. o. o. o. o. o. o. 
561 13. 1. 3. s. 8. 9. 1'?. 19. o. o. 
5 71 3. o. o. o. o. o. o. 0. o. o. 
581 29. 2. 2. 4. 6. 9. 7. 9. 12. o. 
5 91 15. 2. 2. 5. 5. ?. o. 0. o. o. 
601 39. o. o. o. 0. o. o. o. o. o. 
611 16. 1 • 3. 4. 6. 9. 19. 10. o. o. 
621 16. 1. 3. 5. 8. 2?. 0. o. o. o. 
631 2. o. o. o. o. o. o. o. o. o. 
216 
TEMP. = 20C AND S = 4x. 10-3 (cONT.) 
2 3 4 5 6 7 8 9 10 11 
641 14. 2. 2. s. 6. o. D. D. o. D. 
651 3. 0 o. o. D. 0. o. 0. 0- o. 
661 7. o. o. o. o. o. D. o. o. o. 
671 4. ., ' . 2 • 6. 1. 0. o. 0. o. n. 
681 14. z. 2 • 6. 7. 6. 6. 11 • 26. o. 
691 23. 2. 2. 4. 5. s. 11 • 1 z. 16. o. 
7D1 16. 1. 3. 5 ... 5. 6. 7. 9. 2 8. c. 
711 21 • 1 • o. D. c. 0. o. o. D. o. 
721 9. ?. 3. 3. 6. 19. D. o. D. D. 
731 16. 1 • 3. 4. 6. 7. 10. 1?. 1 6. c. 
741 13. 1 • 3. 4. 6. 2. D. D. o. o. 
751 22. 1 • 2. 5. 5 • s. o. 14. 17. o. 
761 13. 2. 2. 7. 6. 0. D. D. o. D. 
771 9. 2. 4. 10. 0. 0. o. 0. o. D. 
781 15. 1. 2. 5. 8. 7. 7. 9. 26. D. 
791 39 <f>, o. o. o. D. o. o. o. o. D. 
8D1 zc. 2. 3. 4. 5. 7. 7. 0. o. o. 
811 1 9. 2. 2. 6. 7. 2D- 0. 0. o. D. 
821 7. 1. 3. 8. 9. 7. 7. 10. ZD. 0. 
831 7. z. 3. 5. 9. 6. 6. 11 • 16. D. 
841 9. I'. 3. 4. 7. 7. 8. 18. o. D. 
851 23. 1 • 3. < 4. 7 9. 1D. 1 8. c. J. 
861 19. 1 • 3. 4. 6. 9. o. 0. o. D. 
871 1 4. 1 • 3. t. 5. 6. 10. 30. c. o. 
881 15. 1 • 2. 6. 6. o. D. D. D. o. 
891 13. 2. 2. 6. 8. 10 • 30. o. o. o. 
90~ 18. 1 • 3. 4. 6. 8. 16. o. o. o. 
911 8. 1 • 4. 4. 6. 7. 10. 13. 17. o. 
921 20. 2. 2. 4. 4. 5. 7. 11 • 16. 0. 
931 14. 1 - 3. s. 7. D. D. D. D. o. 
941 9. 2. 4. 5. 6. 6. 17. 29. o. o. 
951 14. 2. 2. 5- 5- 6. 9. D. o. fl. 
961 7. 2. 3. 6. 7. 5. <1. 19. o. D. 
971 1 2. 1. D. 0. D. o. D. o. D. o. 
981 5. 2. D. o. D. o. o. D. o. o. 
991 z. 2. D. c. D. o. D. D- o. o. 
1 DD1 17. 1. 3. 4. 6. 6. 14. D. o. o. 
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LIFESPAN IN EXPERII'ENT Wil'H TEMP, = 20C AND S = 16 x 10-3 
1 2 3 4 5 6 7 8 .g 10 JJ 
, 1 34. o. D. o. o. D. o. o. o. o. 
21 1. o. D. D. o. o. o. o. o. o. 
31 6. 2. 2. 7. 9. o. o. o. o. o. 
41 6. 2. 3. 11 • 7. o. o. o. o. c. 
51 13. 2. 3. 4. 4. 7. 3. 0. o. o. 
61 1 3. 1 • 3. 4. 4. 5. 10. 30. o. o. 
71 17. 1. 3. 4. 3. 5. 1D. 31. o. o. 
81 26. 1 • 3. 4. 6. o. o. o. o. c. 
91 34. 0. 0. o. o. o. o. o. o. o. 
101 17. ;>. 4. 3. 4. 6. 15. 23. o. o. 
111 9. 2. 2. 5. 6. ';. 1 5. o. 0. o. 
1 21 8. 1. 3. 5. 5. 7. 24. o. D. c. 
131 18. 2. 3. 3. 4. 7. 20. 10. 7. o. 
141 11 • 2. 3. 4. 4. 5. 9. 23. 0. 0. 
1 51 17. 3. 3. 3. 5. 5. 8. 15. o. o. 
161 17. 1 • 4. 4. 3. 5. 7. 11 • 22. o. 
1 71 9. 2. 3. t 6. 5. 15. 2. o. 0. 
-'• 
1 81 10. 1. 4. 6. 12. o. o. o. D. c. 
191 7. 1. 4. 6. 6. 5. 15. 19. o. o. 
201 29. 1. 3. r .J. 14. 0. o. 0. o. D. 
211 2. 1 • D. o. o. 0. o. 0. o. o. 
221 17. 1. 3. 4. 3. 5. 8. 14. 19. o. 
231 8. 1. 3. 4. 5. 18. o. o. D. r. 
241 13. 2. 2. s. 5. 17. o. o. o. o. 
251 43. o. D. o. 0. 0. 0. 0. o. o. 
261 34. o. o. o. o. o. o. o. 0. o. 
271 7. 2. 2. 5. 5. 16. o. 0. o. o. 
281 34. o. o. o. o. o. o. o. D. o. 
291 8. 1. 3. 3. 5. 5. 6. 19. 24. o. 
3D1 15. 2. 3. 4. 4. 5- 8. 26. o. o. 
311 5. o. o. 0. 0. o. o. o. o. o. 
321 2D. 1. 4. 3. 5. 7. 3. D. D. o. 
331 12. 1- 3- 5. 11. o. o. D. D. o. 
341 23. 2. 2. 4. 10. o. o. o. D. D. 
351 14. 1. 3. 4. 4. 7. 1D. 31 • D. o. 
361 40. o. 0. D. o. o. o. o. o. o. 
371 40. 0. o. o. 0. 0. o. o. 0. o. 
381 33. 2. 3. 5. 7. 1?. 1 2. o. 0. D. 
391 20. 1 • 2. 4. 5. 5. 12. 19. o. o. 
401 16. 2. 3. 4. 3. 6. 9. 17. o. o. 
411 26. 2. 3. 5. 5. 5. 9. 19. o. o. 
421 40. o. 0. o. o. o. o. 0. o. o. 
431 211. 2. 3. 4. 6. 8. 21. o. o. o. 
441 0?0. 2. 3. 4. 5. 1?. lB. 0. o. o. 
451 27. 2. 3. 4. 7. 9. 0. 0. D. o. 
461 3. o. o. o. 0. o. o. o. o. 0. 
471 2D. 1. 2. 4. 4. 6. 10. 26. 1. o. 
481 11. 2. 3. 5. 5. 7. 10. 15. 16. o. 
491 12. 2. 3. 4. 5. 6. 
"· 
15. o. o. 
501 11 • 2. 3. 5. 13. o. o. D. 0. o. 
511 2D. o. 3. 4. 5. 5. 6. 12. 17. 2. 
521 14. 1 • 4. 4. 4. 6. 13. 14. 14. D. 
531 42. 0. o. o. 0. o. o. o. o. o. 
541 18. 1 • 4. 3. 4. 6. 7. 14. 17. o. 
551 12. 2. 3. 5. 5. e. 26. 1 • o. o. 
561 13. 2. 3. 4. 4. 5. 9. 2D. D. o. 
571 14. 2. 3. 5. 3. 6. 12. 2. D. o. 
581 42. 0. 0. o. D. o. o. 0. o. o. 
591 30. 2. 3. 5. 8. ll. 15. 2. o. o. 
601 23- 1. 3. 3. 5. 6. 14. 19. o. o. 
611 10. 1. 3. s. 5. t 13. 5. 0. o. 
-'. 
621 2. o. o. o. 0. o. o. o. 0. o. 
631 21 • 2. 2. 4. 7. 7. 8. 23. o. o. 
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TEMP. = 20C AND S = 16x. 10-3 (cONT.) 
1 2 3 !+ 5 6 7 8 9 10 1l 
641 20. £. 3. 4. 4. 6. 7. 1 0. 16. 2. 
651 11. 1. 4. 5. 12. 6. 0. 0. o. o. 
661 20. 1 • 3. 3. 5. 8. 13. 3. o. o. 
671 6. 2. 4. 3. o. 0. o. 0. o. o. 
681 41. o. 0. o. o. G. c. o. o. o. 
691 24. 1 • 3. 4. 5- 7. 8. 12. 10. o. 
701 14. 1 • 3. 4. 5. 6. 6. 1 0. 25. 0. 
711 20. 1 • 2. 3. 5. 6. tO. 17. o. o. 
721 29. 1 • 3. 4. 7. B. 18. 4. o. o. 
731 15. 1. 3. 2. 0. o. o. o. o. o. 
741 27. 2. 3. 4. 7. 13. 17. o. o. o. 
751 33. 2. 3. 5. 6. 6. 8. 10. o. o. 
761 37. o. o. o. o. o. o. o. o. o. 
771 1 5. 1. o. o. o. o. o. o. o. o. 
781 26. 1 • 3. 4. 6. 1 p,- 16. o. o. o. 
791 15- 2. 3. 4. 5. P. 14. 16. o. o. 
801 14. 1 • 3. 4. 4. 5. 8. 29. o. 0. 
811 4. o. o. o. o. n. o. o. o. o. 
821 6. 1 • 4. 6. 1 • o. o. 0. o. 0. 
831 1£. 1 • 4. 4. 13. o. o. o. o. o. 
841 12. 2. 3. 4. 5. 6. 11 • 24. o. o. 
851 20. 1 • 3. 4. 5. 6. 8. 14. 13. 0. 
861 17. 1 • 3. 4. 5. 6. 8. 16. 14. o. 
871 32. 1. 4. 4. 7. 7. 1 (). o. o. o. 
881 3. 3. 0. 0. o. o. 0. 0. o. 0. 
891 12. 1. 3. 5. 5. s. 6. 9. 28. o. 
901 14. 2. 2. 4. 4. 4. 7. 16. 19. o. 
911 29. o. o. 0. o. o. o. (1. o. o. 
921 4. 2. 4. 0. 0. o. o. o. o. o. 
931 13. 1- 4. 4. 4. 7. e. 32. o. G. 
941 16. 2. 3. 4. 4. 6. 8. 13. 18. G. 
951 8. 1. 3. 1. 0. o. o. o. 0. o. 
961 21. 1 • 3. 4. 4. 6. 6. 10. 14. 5. 
971 29- o. o. o. o. o. o. o. o. o. 
981 40. o. 0. o. o. o. o. 0. o. o. 
991 3. 2. 4. 6. o. o. 0. o. o. o. 
1001 2. 2. 0. D. o. o. o. 0. o. o. 
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Sections B & C 
---
1. Length of stage 1. 
2. Height of stage 1 • 
3. Length of stage 2. 
4. Height of stage 2. 
5. Length of stage 3. 
6. Height of stage 3. 
7. Length of stage 4. 
8. Height of stage 4. 
9. Length of stage 5. 
10. Height of stage 5. 
11. Length of stage 6. 
12. Height of stage 6. 
13. Length of stage 7. 
14. Height of stage 7. 
15. Length of stage 8. 
16. Height of stage 8. 
17. Length of stage 9 (adult) . 
18. Height of stage 9 (adult). 
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rvi:ASUREMENTS OF SIZE IN EXPERIMENT Wl"Tl-l TEMP, = 2()( AND S = 8X. 10-3 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
0 0 480 276 660 324 792 384 1068 s l,Q 1539 760 0 0 0 0 0 0 
0 0 0 [l 0 [l 756 420 (1 0 0 0 0 0 0 0 0 0 
34R 264 468 276 624 300 744 396 91:0 504 0 0 0 0 0 0 0 0 
0 0 4 80 288 612 324 780 408 1 032 52 8 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 480 288 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
408 21 6 480 288 600 324 0 0 0 0 0 0 0 0 0 n 0 0 
336 240 468 2(-,4 576 324 780 396 1 ORO 5 28 1577 741 21 70 1054 2 8t3 14 ?6 0 0 
360 240 4 80 264 31'4 0 0 (' 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 204 480 264 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 22 480 276 612 336 780 408 1 080 540 15 77 760 2139 1054 0 0 0 0 
372 228 480 '276 612 324 780 420 1092 540 1482 722 <'015 99 2 0 0 0 0 
384 2?8 492 276 58 8 336 816 420 1056 540 1444 722 0 0 0 0 0 0 
0 0 4RO 264 600 312 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 276 588 324 744 38 4 1008 528 1482 722 207? 1023 f) 0 0 0 
0 0 492 276 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 240 480 264 588 324 780 396 1020 528 1444 722 2139 1054 0 (1 0 0 
0 0 492 276 600 312 696 384 1020 516 1444 722 2015 99 2 2883 1457 3927 1989 
360 240 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
DOD 204 492 276 612 324 780 408 1044 540 1444 722 2015 102 3 0 0 0 0 
0 0 468 ?64 600 324 744 38 4 0 0 0 0 0 0 0 0 0 0 
396 228 456 264 600 312 744 384 1032 528 1349 684 2015 1023 2790 1457 0 0 
360 21 6 4 80 264 600 3?4 744 396 10?G 516 1406 684 1922 961 0 0 0 (\ 
372 216 480 276 600 324 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 480 276 600 324 780 39 6 1104 540 1577 760 2108 1054 0 (1 0 0 
336 240 468 264 588 312 756 38 4 9% 516 (1 0 0 0 0 0 0 0 
360 240 480 276 600 3?4 70R 384 984 504 1387 703 1984 961 0 0 0 0 
372 240 480 28R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 228 480 276 D 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 276 612 312 768 396 1 032 s 28 1 57 7 760 2077 1023 0 0 0 0 
360 240 480 276 612 3 24 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 480 276 600 324 792 40R 1116 540 1596 741 2201 10 54 2790 1364 [) 0 
360 216 480 264 600 336 744 384 0 0 0 0 0 0 0 0 0 0 
348 216 4RO 276 600 312 720 384 1020 516 1463 722 2077 1054 2 511 1302 0 0 
360 240 0 0 600 324 720 372 0 0 0 0 0 0 0 0 0 0 
360 228 468 276 576 324 75 6 39 6 1056 516 1482 722 2046 1023 2945 14 26 0 0 
3!14 2£8 480 276 612 324 756 396 1062 528 0 0 0 0 0 0 0 0 
0 0 480 276 600 324 744 396 0 0 0 0 0 0 0 0 0 0 
0 0 468 276 588 3?4 744 396 1020 540 0 0 0 0 0 0 0 0 
360 240 468 276 576 324 732 396 1044 55? 1 539 760 21 39 1054 2883 1457 0 0 
360 240 480 276 61 2 336 744 396 1044 540 1463 741 2170 1054 2 728 1364 0 0 
348 228 492 288 600 312 756 396 1 020 528 15 20 760 0 0 0 0 0 0 
360 240 480 276 588 324 732 396 996 504 0 0 0 0 0 0 0 0 
360 264 480 288 600 3?4 no 43 2 0 0 0 0 0 0 0 0 r 0 
360 264 46R 276 588 336 756 408 1056 528 1 s ?0 741 2077 99 2 2635 1333 0 0 
372 216 480 276 576 324 744 38 4 9?6 516 14 2~ 703 0 0 0 (1 0 G 
0 0 468 276 600 312 768 420 996 516 0 0 0 0 0 0 0 0 
360 240 480 288 61 z 336 744 396 1020 528 1520 779 210R 1023 0 0 0 0 
360 252 480 288 600 324 768 396 , 020 540 1463 722 0 0 0 0 0 0 
0 0 468 276 588 324 720 384 948 516 1387 722 2015 1023 2 511 'T333 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 216 456 276 58R 336 756 396 1 0'>6 528 1 5 20 722 0 0 0 0 0 0 
360 240 468 ?76 600 324 768 396 1032 516 1444 722 2108 1054 0 0 0 0 
360 240 468 276 588 324 744 396 1044 528 1368 684 1984 99 2 0 0 0 0 
348 228 468 28 8 600 324 780 396 1044 540 0 0 0 0 0 0 0 0 
360 216 480 276 600 336 744 39t> 9?2 504 0 0 0 0 0 0 0 0 
336 228 468 264 588 312 708 384 924 504 1387 703 2015 1023 2790 1457 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (' 0 0 
0 0 468 ?64 600 324 768 396 1008 516 1444 722 2077 102 3 0 0 0 0 
360 228 468 264 600 31<' 744 396 0 0 0 0 0 0 0 (1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
221 
TEMP.= 20C AND S = 8x 10-3 (cONT.) 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
360 2?8 480 276 600 324 744 396 1056 540 1368 66 5 0 0 0 0 0 0 
372 204 480 264 61 z 336 756 396 1 0?0 5?8 1406 722 19R4 99 2 0 0 0 0 
348 22 8 0 0 0 0 732 384 1 OOF. 540 1387 684 2015 992 2635 1364 0 0 
0 0 4RO 276 612 324 744 396 972 516 0 0 0 0 0 0 0 0 
348 204 468 264 58 8 324 744 396 1008 528 1387 703 1922 961 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 228 480 276 588 324 0 0 0 0 0 0 0 0 0 c 0 0 
360 204 480 27b 564 324 756 38 4 1044 528 1520 72;> 2108 102 3 2852 1426 3774 1 836 
0 0 480 264 576 3?4 720 38 4 9P6 528 1425 703 T953 102 3 0 G 0 (l 
360 216 480 288 600 336 744 408 0 0 0 0 0 0 0 0 0 0 
0 0 480 264 588 324 756 408 1 044 540 1520 760 2046 10 54 0 0 0 0 
360 240 468 276 600 336 744 40 8 0 (l 0 0 0 0 0 0 0 0 
360 252 468 264 0 0 0 0 0 0 0 0 0 c 0 0 0 0 
372 228 480 276 588 324 0 0 0 0 0 0 0 0 0 0 0 0 
372 240 4 80 264 588 312 744 384 1032 528 1501 722 2108 992 0 0 0 0 
360 ?16 468 264 0 0 696 384 0 0 0 0 0 0 0 0 0 0 
360 216 480 288 58 8 324 0 0 c c 0 0 0 0 0 0 0 0 
360 228 492 276 61 2 324 0 0 (1 0 0 0 0 0 0 0 c 0 
360 2?8 468 276 58B 324 768 396 1056 540 1425 72Z 2015 99 2 ?821 14?6 0 0 
0 0 492 288 600 324 768 396 984 504 1368 684 2'015 99 2 2666 1364 0 0 
348 228 480 Z76 588 3 24 744 396 1 ozo 54 0 1501 741 2077 1054 2790 14 :!6 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (' 
372 252 480 '276 '576 324 696 37 2 996 528 14(16 703 0 0 0 0 0 0 
360 240 4 56 276 588 324 756 396 1008 540 1349 703 0 (l 0 0 0 0 
360 240 41!0 276 600 324 768 408 1080 552 1 577 779 2232 t 111:> 0 0 0 0 
384 240 468 276 588 3?4 720 396 984 516 0 0 0 0 0 0 0 0 
0 0 468 276 600 324 768 396 0 0 0 0 0 0 0 c 0 0 
360 228 456 264 588 31? 720 384 Q84 516 0 0 0 0 0 0 0 0 
372 228 0 0 624 336 696 384 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 768 408 1008 540 1444 722 2 015 99 2 0 0 0 0 
0 0 480 264 600 324 0 0 0 0 0 0 0 0 0 0 0 0 
372 240 492 276 588 324 720 384 0 0 0 0 0 0 0 r (' 0 
348 22P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 456 264 576 312 73? 396 1020 528 0 0 0 0 0 0 0 0 
384 ?28 480 ?76 61 2 336 744 396 948 492 0 0 0 0 0 0 0 0 
372 240 456 276 576 324 684 372 996 516 1406 703 0 0 0 0 0 0 
360 216 468 276 576 324 720 384 996 516 0 0 0 0 0 0 0 0 
372 228 504 276 6(10 324 780 396 1008 504 1482 722 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 480 276 576 324 756 396 1044 528 1501 703 0 0 0 0 0 0 
0 0 468 276 588 324 0 0 0 0 0 0 0 0 0 0 0 0 
360 192 480 288 588 324 768 408 1044 540 0 0 0 0 0 0 0 0 
0 0 468 276 576 324 672 37 2 0 0 0 0 0 0 0 0 0 0 
372 216 468 276 588 324 756 396 1 06!' 540 1501 722 0 0 0 0 0 0 
336 228 480 276 576 312 744 396 1056 55? 1539 779 2 201 1116 2883 1488 0 0 
360 240 468 288 588 324 732 396 0 0 0 0 0 0 0 0 0 0 
384 252 480 276 600 324 756 396 1044 540 0 0 0 0 0 0 0 0 
372 216 480 276 588 312 720 384 0 0 0 0 0 0 0 0 0 0 
372 216 480 'i:.64 600 324 756 384 1056 5 2'8 1558 741 2046 99" 0 0 0 0 
384 240 480 276 612 324 744 396 0 0 0 0 0 0 0 0 0 0 
0 0 480 288 612 324 756 408 1068 540 1558 760 2263 1116 0 0 0 0 
0 0 4P.O 276 576 324 756 408 1044 528 0 0 0 0 0 (1 0 0 
348 264 4 80 276 61 2 324 756 396 on 504 0 0 0 0 0 0 0 0 
0 0 492 288 61 2 324 768 408 1044 528 1539 741 2139 102 3 0 0 0 0 
372 192 480 276 600 324 744 396 972 492 0 0 0 0 0 0 0 0 
348 252 468 276 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 216 46e 264 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 228 480 276 612 324 780 408 1068 540 1539 741 2201 108 5 3038 15 50 0 0 
372 216 480 276 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 228 468 276 600 336 780 408 1104 540 1558 741 2108 1023 0 0 0 0 
384 228 468 276 588 324 744 396 996 528 1482 722 2108 102 3 2666 139~ 0 0 
222 
!'iEAsURI*NTS OF SIZE IN EXPERIMENTS WITH TEMP. = 25C AND S = 8x 10-3 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
384 252 468 264 576 324 68~ 372 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 456 7.64 57 6 324 0 0 c 0 0 0 0 (1 0 0 0 0 
360 240 468 264 588 336 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 0 
348 240 0 0 612 312 720 396 1044 528 c 0 0 0 0 0 0 0 
348 216 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 264 588 324 756 401\ 1068 540 1558 7 41 2015 99 2 0 0 0 0 
360 240 480 276 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 276 600 324 732 39 6 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 456 264 564 31? 0 0 0 0 0 0 0 0 0 0 0 0 
336 240 456 264 540 300 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 
348 240 468 276 564 312 708 384 972 504 1368 6114 0 0 0 0 0 0 
360 240 468 276 576 324 0 0 0 (' 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 
348 2?8 468 264 576 312 660 360 900 468 0 0 0 0 0 0 0 0 
348 240 468 276 576 324 696 360 0 0 0 0 0 0 0 0 0 0 
360 240 456 264 5&4 312 684 372 912 492 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 468 276 576 312 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 (1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 0 
348 240 444 252 564 312 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 456 264 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 (l 0 0 0 0 0 (' 0 0 0 0 0 0 0 0 
360 252 480 276 588 324 684 372 0 0 0 0 0 0 0 G 0 0 
336 240 4.56 204 540 312 0 0 91? 49? 1292 665 0 0 0 0 0 0 
360 252 492 276 588 3?4 732 396 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 480 2U SB 8 324 756 396 960 492 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (l 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 276 576 324 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 (l 0 0 0 0 0 0 0 
360 288 468 28? 0 0 696 396 0 0 0 0 0 0 0 0 0 (l 
360 252 468 276 600 324 7'56 396 948 492 0 0 0 0 0 c 0 0 
348 240 444 264 528 300 660 372 840 468 1216 665 1672 874 0 0 0 0 
348 264 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 276 588 324 0 0 (') 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 252 468 276 564 312 0 0 0 0 0 0 0 0 0 0 0 
360 252 468 276 '576 324 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 276 '576 312 732 384 0 0 0 0 0 0 0 0 0 
348 252 468 276 600 324 744 384 0 0 0 0 0 0 0 0 0 
360 252 468 264 '364 312 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
223 
TEMP, = 25C AND S = 8,x 10-3 (cONT.) 
2 3 4 5 6 7 .8 9 .10 .11 :12 .13 14 15 .16 .17 18 
348 240 468 276 51\8 3?4 744 396 9f.4 504 14 06 703 0 0 (1 0 0 
0 0 0 0 l) 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 456 2&4 576 312 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 
360 240 0 0 576 312 744 408 1 02'0 516 144!, 684 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 (1 0 0 
336 228 444 264 552 312 0 0 0 0 0 0 0 0 n 0 0 
360 ?52 468 276 588 324 708 384 0 0 0 0 0 0 0 0 0 
360 240 456 ?.76 564 324 0 0 0 0 0 0 0 0 0 (1 0 
336 252 456 ?64 552 312 0 0 0 0 0 0 0 0 n 0 0 
360 240 480 ?76 588 324 732 396 960 504 1425 703 (I 0 0 0 0 
34P 252 480 276 588 324 720 38 4 0 0 0 0 0 0 [1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 r 0 0 0 0 0 c 0 0 
360 240 468 276 564 312 756 396 0 96 504 1425 703 0 0 0 [1 0 0 
336 240 456 264 56 4 312 0 0 r c 0 0 0 0 0 0 0 0 
336 240 456 264 564 312 720 31\4 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 r 0 0 0 0 0 0 (1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 48(1 264 588 324 768 396 1 044 5 2.8 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (' 0 
360 240 468 276 588 324 744 384 1 03Z 516 1482 703 0 0 0 c 0 0 
348 240 456 264 552 312 0 0 0 0 0 0 0 0 0 r 0 0 
372 25 2 41\0 276 57(, 312 756 396 1032 516 0 0 0 0 0 r 0 0 
348 240 456 ?64 576 312 720 384 0 c 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 (' 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r. 0 0 
360 240 456 264 0 0 0 0 ( 0 0 0 0 0 0 0 0 c 
360 228 468 276 576 312 696 384 G 0 f) 0 0 0 0 0 0 0 
360 228 41l0 276 564 312 696 384 0 (1 (l 0 0 0 0 c 0 0 
0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 
0 0 0 0 0 0 0 0 r 0 0 0 0 0 0 (' 0 0 
324 240 468 276 55 2 312 0 0 0 0 0 0 0 c 0 c 0 0 
0 0 420 264 516 312 0 0 0 0 0 0 0 0 0 0 0 [l 
0 0 0 0 0 0 D 0 c 0 (< 0 0 0 0 c 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 () 0 0 0 0 [l 0 0 0 0 0 
348 252 468 276 0 0 0 0 [) 0 0 0 0 0 0 r 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (' 0 0 
0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 (1 (1 (l 
348 ?64 468 276 ':,Sf 324 75f> 396 1 04 4 516 0 0 0 c 0 0 0 0 
360 21.\0 41'>8 264 564 312 720 384 060 492 1387 684 1805 893 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 
312 216 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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M!:ASUREtvENTS OF SIZE IN EXPERIMENTS Wl1H TEMP, = 15( AND S = 8x 10-3 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
0 0 0 0 0 0 0 0 [1 0 0 0 0 0 0 0 0 0 
360 2 .Ci, 264 600 324 0 0 0 0 0 0 0 0 0 0 0 0 
0 G 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 468 276 600 ?24 792 420 1104 552 1406 722 0 0 0 0 0 0 
348 252 468 264 588 324 756 396 1068 55? 1 5 77 779 22 63 111 6 28?1 1 4 2f 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 D (l 0 0 
360 240 468 276 600 324 76?- 4?0 0 0 0 0 0 0 0 0 0 0 
34 8 i4 (J 4 68 ?76 S76 3?4 756 39 6 1104 5~2 161 5 779 l-'325 111 6 0 0 () 0 
0 0 0 0 0 0 0 0 [• 0 0 0 0 0 0 0 0 0 
348 252 46R 276 588 324 780 420 1068 5 64 1539 760 2170 1054 2697 1 4 26 0 0 
0 0 0 0 0 0 0 0 (l c (l 0 0 c 0 0 0 0 
324 22 8 444 25 2 552 300 73< 396 0 0 0 0 0 0 0 0 c 0 
0 0 0 0 f) 0 0 0 0 r 0 0 0 0 0 0 (' 0 
36Q 252 4 80 276 588 324 780 420 1044 Sl'll 1 539 741 ?170 1054 2700 • 4 ~6 0 0 
360 240 468 276 5R8 324 780 420 11n4 552 1506 770 2139 1023 0 Q 0 [1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [J 
0 0 0 [1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
336 240 4Sf 276 0 0 [) 0 0 0 0 0 0 0 0 0 0 0 
360 25? 480 276 588 312 756 39 6 1116 552 1596 779 2356 114 7 3007 '14~7 0 f) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1 0 0 
0 0 468 276 58 8 324 744 39t 1 044 540 1444 72? 2170 10R 5 0 0 0 c 
348 240 4 56 276 576 324 768 408 110 4 540 1558 760 2130 1054 2 883 1457 0 0 
0 0 r. 0 0 0 c 0 0 0 0 0 0 0 0 0 
336 228 456 264 564 312 ?4ft 40? 0 0 0 0 0 (\ 0 0 (1 0 
0 456 264 576 324 75 6 40 8 1116 sr~ ' ( 161 5 798 0 0 0 0 0 0 
360 240 456 276 57 6 324 768 4[18 1056 540 1558 760 2108 1054 0 0 0 0 
348 Z28 468 264 576 312 79? 39 6 1116 516 1634 741 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1 0 0 
0 D 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
360 252 468 276 58 8 324 768 408 1056 540 ,., 20 741 2139 102 3 275 I 1 ~64 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 n 0 ) 0 0 0 
348 240 4 56 276 ~88 324 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
360 240 468 276 576 336 0 0 0 0 r 0 0 0 ) c 0 0 
0 0 0 0 0 0 0 0 0 0 f1 0 0 0 J 0 c 0 
D 0 l,: 6 264 576 312 '132 3'16 1C S40 52n 741 2170 1085 275'; 13 0~. 0 0 
360 240 456 264 57 6 312 780 40 8 1104 5 ~ 2 16 1 5 760 2325 111 6 3069 155[1 418? 2142 
348 240 4 56 276 5~8 324 768 408 1104 sr') ~c 1596 760 2139 102 3 r· n 0 0 
' 348 240 456 264 576 324 756 408 0 0 0 0 0 0 0 c 0 0 
0 0 0 0 0 0 0 0 0 n 0 0 0 0 0 c 0 0 
360 240 468 276 576 324 792 420 1068 528 0 0 0 0 t: r 0 0 
348 240 468 264 576 324 74 4 40 p 1056 540 1482 760 ?1 70 1085 ?883 14 P,f 0 0 
348 240 468 27f· 588 324 75 6 408 0 0 0 0 0 0 \, 0 [1 0 
0 0 456 264 564 31? 0 0 0 0 0 0 0 0 ( 0 0 0 
360 240 480 276 600 324 7['8 38 4 0 [1 0 0 0 0 ( 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 
360 240 456 276 588 324 75 6 40 8 1 092 552 1 61 5 798 7294 1116 2P I~ 1488 0 0 
360 252 4o8 264 576 3?4 768 408 1080 54(1 1 5 77 760 2170 1054 2 ??I 1364 3570 1785 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 
348 240 4RO 276 600 336 79 2 420 'fORO 552 1558 760 2170 105 4 30 r' 1488 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 
348 252 468 288 588 336 0 0 c 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 
0 0 468 276 600 336 0 0 0 0 0 0 0 0 0 0 0 
348 240 456 276 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 264 su 324 756 420 1104 5 52 1634 798 2294 1116 I 0 [I 0 
0 0 468 276 564 324 0 0 0 0 0 0 0 0 I 0 0 0 
312 221< 456 276 576 324 75 6 42 0 1 06 8 540 1558 779 2139 1023 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
324 240 4?0 276 54 0 312 744 40 8 948 516 1425 7 41 2015 1054 I 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
225 
TEMP. = 15C AND S = 8" 10-3 (cONT.) 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
360 228 468 264 576 3?4 0 0 0 0 0 0 [1 0 0 n 0 0 
0 0 0 0 0 0 (l 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 (l 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 0 0 
360 252 468 276 ';88 3?4 804 420 114 0 564 161 5 779 2?63 1, 1 6 (1 0 0 
0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 u 0 0 0 0 c 0 0 0 0 0 0 0 c 0 0 
348 £'52 4RO 276 576 324 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 2'52 468 Z76 588 336 0 0 0 0 (1 0 0 0 (1 (l 0 
0 0 0 0 0 0 0 0 0 0 0 0 [' 0 (1 
324 228 45te 264 516 24 768 1.0 ll 1044 540 1501 741 2139 1023 0 (1 0 
372 264 468 276 600 336 804 420 11 52 564 1634 798 ?294 1 OE 5 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 276 600 "36 79'2 420 1C80 540 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [1 
0 0 0 0 0 0 0 0 0 0 (1 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 480 276 600 324 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 420 264 528 312 744 420 1080 564 15 77 798 22 94 111 b 30.'8 1 4 8P 0 0 
360 240 480 276 588 324 78 0 420 (' 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 (l 0 0 0 0 0 0 0 0 0 () () 0 
360 240 468 276 588 ~ ;>i, 792 40 p 0 0 0 0 0 0 0 () () 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I) 0 0 
336 240 468 264 576 324 768 40 8 1080 564 1596 779 ??3? 111 6 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 
0 0 456 264 ~76 336 0 0 0 0 0 0 0 0 0 () 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 0 0 
360 ?52 480 276 600 336 ?EO 40 8 1111\ 564 1615 779 2356 114 7 ?'116 14P8 0 0 
0 D 0 0 0 0 0 0 0 (! 0 0 0 0 0 r 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c (1 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 0 
360 240 41'0 264 600 324 792 420 10?;:' 540 1~2C 741 2232 105 4 2 IL 5 14?1) ?8?5 1938 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (1 0 0 
0 0 4RO 276 61 2 324 792 408 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 480 276 600 336 79 2 420 0 0 0 0 0 c 0 0 0 0 
226 
M::ASUREI'£NTS OF SIZE IN EXPERII'ENTS WITH TEMP. = 10C AND S = 8x 10-3 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
0 0 CJ 0 0 0 0 0 0 0 0 0 0 (\ ( 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 
0 0 0 0 0 (J 0 0 0 0 0 0 0 0 ( 0 c 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( (' (1 0 
360 240 480 276 0 0 0 0 0 0 0 0 0 0 l 0 0 0 
0 0 468 276 564 312 0 0 0 0 0 0 0 0 ( 0 0 0 
360 252 4f>8 288 576 336 780 420 1092 564 1 558 779 2139 105 4 0 0 0 0 
336 240 456 264 588 324 0 0 0 0 0 0 0 0 c 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 n 0 c 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ll 0 0 0 
0 0 0 c 0 0 0 0 0 0 0 0 0 0 [I 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
336 252 468 27f> 576 324 708 384 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 p 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 (' 0 0 0 
372 240 0 0 0 0 0 0 0 0 (1 0 0 0 r: 0 0 0 
348 240 444 264 0 0 0 0 0 0 0 0 0 0 r 0 0 0 
324 2'16 444 252 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 L 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 264 468 276 612 324 720 396 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 c c 0 0 
360 240 468 i'76 576 324 780 420 0 0 0 0 0 0 c fl 0 0 
0 0 0 r 0 0 0 0 0 0 0 0 0 0 c 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 
0 0 468 276 564 312 720 408 996 516 1349 703 0 0 (J 0 0 0 
336 240 468 276 0 0 0 0 (' 0 0 0 0 0 [j 0 0 0 
0 0 D 0 0 0 0 0 0 0 0 0 0 0 :J 0 0 0 
360 252 456 276 57 6 324 792 420 1068 552 1520 779 2170 111 6 D 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 :J 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 :J 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) (' 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 c 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
360 252 0 0 0 0 0 0 0 0 0 0 c 0 J 0 0 0 
0 0 0 0 0 0 0 0 (1 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
360 240 468 276 600 32'4 0 0 0 0 0 0 0 0 :J 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 [I (1 0 0 
360 240 456 276 576 32'4 768 408 1068 564 15 20 760 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 (J 0 0 0 
0 0 468 276 624 336 804 432 112'8 ">76 , 61 5 798 2170 1054 c c 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 () 456 288 54 0 312 0 0 0 0 0 0 0 0 0 c 0 0 
336 240 456 2'64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
336 240 444 276 0 0 0 0 0 0 0 0 0 0 c 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 
360 252 468 276 588 324 768 42.0 1104 564 15 77 798 2170 114 7 ( 0 0 0 
372 252 444 264 0 0 0 0 0 0 0 0 0 0 (· 0 0 0 
360 240 456 2'76 564 324 0 0 0 0 0 0 0 0 ( 0 0 0 
348 240 480 276 576 324 780 420 1104 552 0 0 0 0 ( 0 0 0 
0 0 456 264 564 324 732 408 1 02'(1 !;40 0 0 0 0 (I 0 0 0 
348 240 468 264 588 324 792 420 1104 564 1615 779 0 0 (I 0 0 0 
227 
TEMP, = 10C AND S = 8 K 10-3 ( CONT • ) 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
u 0 0 0 0 0 0 0 0 0 0 0 0 n (; 0 0 0 
360 240 4'>6 276 0 0 0 (l 0 D 0 0 0 0 (I 0 0 0 
0 (J G n 0 0 0 0 0 0 0 (1 0 (i (1 0 0 
348 240 456 276 57(:- 324 () () 0 () 0 0 0 0 (I 0 0 0 
336 240 444 264 588 3 24 672 396 960 516 0 0 0 0 I [' 0 0 
348 240 468 276 540 300 744 408 1044 540 1501 741 ?077 10~4 II 0 0 0 
360 240 4 56 264 540 288 0 0 0 0 0 0 0 0 
' 
0 0 0 
348 240 468 264 576 3?4 72 0 396 0 0 0 0 0 0 0 0 0 
0 0 456 276 576 324 744 408 996 516 0 0 0 0 (] 0 () 
0 0 0 () 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
360 240 45 ?76 0 0 0 0 0 0 0 0 () 0 0 0 0 0 
34R 240 468 264 540 312 696 396 996 540 1406 722 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 468 276 58 8 324 732 408 9R4 528 0 0 0 0 0 r 0 0 
348 240 456 264 564 ?i ?4~ 396 0 0 0 0 0 [) n 0 0 
372 252 4 80 276 5fl 8 324 744 396 1 02[1 Ci28 0 0 0 0 0 0 0 0 
0 0 456 264 0 0 0 0 0 c 0 0 0 0 0 0 0 n 
34 8 ?28 468 26 4 ~52 312 720 396 1 008 540 [) 0 0 0 0 0 (1 0 
0 0 4?0 25? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 264 51:\8 3?4 732 396 0 0 0 0 0 0 0 0 0 0 
360 240 468 264 0 0 0 0 0 c 0 0 0 0 0 0 (j 0 
0 0 D 0 Q 0 0 (I n 0 0 0 0 0 0 0 0 0 
360 25? 480 276 61 2 336 0 0 0 0 0 0 0 0 
" 
0 0 0 
360 240 480 276 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 456 ?76 0 0 0 {i 0 0 c 0 0 0 0 0 0 
348 240 456 264 0 0 0 0 0 0 0 0 0 0 0 () 0 
0 0 0 f] 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 456 ?76 600 324 744 40 8 996 528 0 0 0 0 0 0 0 
372 240 480 276 600 324 780 420 109 2 564 15 77 779 2263 1085 2 91• 14 57 0 0 
348 240 456 276 576 324 780 40R 1 06f r-r-, -' _, ( 0 0 0 0 t 0 n 0 
336 2 52 4 56 276 576 312 720 396 0 0 0 0 0 0 I 0 0 0 
360 240 444 264 564 324 732 39 6 1032 564 1406 741 D 0 I· c 0 0 
3~4 240 4 80 276 600 336 792 43 2 1080 576 1 501 79 8 2139 111 6 II 0 c 0 
348 240 468 276 576 324 780 432 1080 564 157? 798 2232 111 6 •) 0 0 0 
0 0 0 (1 0 0 0 0 0 0 0 0 0 0 } 0 0 0 
D 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 r 0 
0 0 c 0 0 0 0 0 0 0 0 0 f1 0 l 0 0 0 
228 
t<'EAsUREt'ENTS OF SIZE IN EXPERit-ENTS Willi TEMP, = 20C AND S = 4 ~ 10-3 
1 2 3 4 5 6 7 8 9 10 11 J2 l3 14 15 16 17 18 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 
336 228 456 264 564 ~12 732 39 6 '196 516 1501 741 1984 992 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
372 252 480 276 600 324 780 401', 1104 552 1 61 5 760 2077 1023 0 0 0 0 
360 240 468 276 600 324 792 396 1 OED 528 1577 741 223? 1054 0 0 0 0 
348 240 468 276 588 324 720 384 972 516 1444 722 2108 1023 0 0 0 0 
360 240 468 264 576 324 768 396 1 008 540 1444 703 0 0 0 0 0 0 
(1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 (J (l 0 0 0 0 0 0 0 0 0 0 0 0 0 (' 0 
360 240 41"0 276 600 324 756 396 1008 5 28 1 539 760 2201 1054 2635 1333 0 0 
360 252 480 288 600 324 756 396 1032 528 1558 722 2139 1023 0 0 0 0 
0 0 492 288 600 336 768 408 1068 528 1501 722 0 c c 0 0 0 
360 252 492 288 588 324 816 408 1128 552 1615 760 2232 102 3 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 0 0 588 336 756 408 1020 516 1501 722: 2:046 1023 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 468 276 600 3?4 780 408 1 C80 540 15 58 741 2:139 992 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 228 480 276 600 324 780 40 8 1 (156 540 14 25 703 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 () (' 0 0 
360 240 468 264 576 312 672 360 948 4Q'2 1349 665 0 0 0 0 0 0 
0 (J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 468 276 600 324 720 396 1056 540 1539 741 1953 961 0 0 0 0 
372 240 480 288 61 2 336 780 420 1116 5~~ Jc 15 77 741 0 0 0 0 c 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 c 0 0 ('\ 0 0 0 0 
372 252 492 2:88 62:4 336 79£ 420 1140 5~2 1672 798 2294 108 5 0 0 0 0 
360 240 468 276 55 2 312 708 396 10?0 5 2:!l 1387 703 0 0 J 0 0 0 
0 0 0 0 0 IJ 0 0 0 0 0 0 0 0 J 0 0 0 
360 240 468 264 600 3?4 780 408 1068 528 1501 722 2:077 992: 2697 1302 3315 1632 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 n 0 
360 240 468 264 600 312 756 396 1056 516 1501 722 0 0 J 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
348 240 468 264 ~64 312 732: 396 1 044 516 13 68 741 0 0 ) 0 0 0 
372 252 480 276 600 324 0 0 1068 516 1539 722 2170 1054 2821 • 395 0 0 
336 240 456 264 ~52 300 732 384 1(108 504 1482 722 2108 1023 288 I • 3 95 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
360 240 468 276 588 324 792 408 1104 540 1558 722 0 0 ) 0 0 0 
360 240 480 276 576 324 780 408 1056 528 1558 722: 2108 '102 3 ) (l 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
360 252 480 276 552 324 720 384 936 480 1330 684 0 0 ) 0 0 0 
336 228 444 2:64 540 312 708 384 1008 516 1444 72Z 1953 992 ) 0 • 0 0 
336 228 456 264 552 300 672 372 996 516 1'520 741 2:170 108 5 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ('\ 0 0 
348 240 480 276 576 312: 708 38 4 1020 516 1425 703 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 468 276 576 324 768 396 1008 516 1482 703 2170 1054 306) • 428 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
360 240 480 276 600 324 780 420 1104 540 1577 741 2077 1023 J (1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
229 
TEMP. = 20C AND S = 4K 10-3 (cONT.) 
l 2 3 4 .5 6 7 8 9 10 11 12 J3 14 ]5 lfi 17 18 
0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 (1 0 0 0 0 (J c 0 0 0 
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 n n 0 0 0 0 
360 228 49? 276 612 336 756 396 1080 540 1596 779 ?201 1054 ?914 1426 0 0 
34!! 240 468 264 576 324 ?80 408 1£180 528 1615 741 2015 961 c 0 3876 1887 
372 240 480 276 600 324 792 408 1116 540 1672 779 24H 11t 6 3213 1530 0 0 
0 0 0 (l 0 0 0 0 0 0 0 0 0 0 (: 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 276 600 324 780 408 1 056 516 1520 722 2170 1023 2821 1364 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 480 276 t12 324 804 420 1116 552 1653 779 223? 1054 28&3 1426 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 
0 o- 0 0 0 0 0 0 (1 0 0 0 0 0 0 0 0 0 
348 240 480 276 588 324 nc 408 10":6 540 155E 760 2201 1085 2945 1488 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 
360 252 0 0 600 336 792 420 1068 552 1520 760 0 0 u 0 0 0 
0 0 c c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 492 276 588 324 708 384 960 504 1444 722 2046 992 27 10 1364 n 0 
360 252 468 276 576 324 708 384 960 504 1406 722 2046 102 3 2 759 1364 0 0 
360 240 4 56 276 588 324 720 396 1008 516 1501 7?.2 2046 961 (1 0 0 0 
348 240 456 276 0 0 768 396 109<' 540 1596 741 2170 1054 28 13 14?6 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 264 588 324 744 396 1 056 528 1539 741 2015 102 3 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 
360 240 456 276 5?6 324 744 396 996 504 0 0 0 0 0 0 0 0 
372 240 468 2?6 588 324 780 408 1068 516 148? 703 0 0 0 0 0 0 
360 240 468 264 588 324 744 384 1032 s 16 1482 703 ?015 961 26 ~7 1333 0 0 
360 240 468 276 576 324 768 396 1 068 52& 1 55~ 760 2139 1054 2 8 ~1 1364 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 e 0 0 0 
348 240 456 264 '552 300 720 384 1 (]56 5?8 1539 741 2046 1023 0 0 0 0 
360 240 480 276 58 8 324 756 396 1056 540 1520 741 0 0 r 0 0 0 
" 360 252 480 276 600 324 756 396 1 Of' C 5 28 1577 741 2170 1054 0 (1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 c (1 0 0 
360 2 52 468 276 576 324 768 42 0 1 osn 540 1539 741 0 0 :) 0 0 0 
230 
~'EASUREMENTS OF SIZE IN EXPERIMENTS WITH TEMP, = 20( AND S = 16~ 10-3 
1 2 .3 4 5 6 7 8 9 1D 11 12 B 10 15 16 17 18 
0 0 0 0 0 0 0 0 (1 f) 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 (j 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 [; 0 0 0 
0 0 (1 0 0 0 0 0 c c 0 0 0 0 (J 0 0 0 
348 240 46f. 276 564 324 756 4?0 996 5 2R 13f, 7 703 0 0 C) 0 0 0 
360 252 46R 276 588 336 768 40 8 10% sc? 1482 741 1922 961 0 0 0 0 
360 25( 4 68 276 588 3?4 744 40R 1056 5.40 1482 722 2015 99 2 r 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 D 0 0 0 0 n 0 0 0 0 0 [) r 0 0 0 
348 240 430 276 2 76 408 1044 540 1406 72? 1860 93 0 w c 0 0 
348 240 456 276 57 6 3 24 744 40 8 Hl;>O 14 5 741 0 0 c (1 0 0 
336 228 456 264 564 312 73 2 396 100 8 528 1425 722 0 0 G 0 0 0 
0 0 468 276 600 3 ?4 768 420 1056 540 14?5 741 <'046 1054 2 79[1 ":457 0 0 
336 228 4 56 276 576 31 2 732 40R 1020 54[! 1425 72(> 1953 1023 0 0 c 
34R 240 468 -:!76 576 324 780 408 1 00:6 540 , 5 01 741 ;>O 15 10?3 (. 0 0 0 
360 252 468 276 57 6 324 768 408 1 056 540 148? 741 2046 1023 266t • 36Lt 3264 1683 
348 240 4 56 264 552 312 708 396 960 5 28 1 38 7 722 0 0 r• 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 :; 0 0 0 
336 240 4 56 276 54 0 312 660 384 948 516 1330 703 1 ?36 930 r. 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 D 0 0 c 0 (1 0 
0 0 0 0 0 0 0 0 0 c 0 0 0 0 (• 0 0 0 
37<. 240 468 276 576 324 780 420 1 (180 55? 1482 741 ?046 992 2666 • 364 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 ;._; 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 u 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 r, 0 0 0 
0 0 0 0 0 0 0 0 0 0 (1 0 0 0 r• 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 4 80 276 576 324 732 39 6 1008 516 1387 703 1953 961 2 48c 12 71 0 0 
360 252 468 276 600 324 756 408 1 OBC 540 1 ~ c 1 722 19 53 99 2 [' 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 
348 252 468 276 588 336 732 408 1 056 540 1425 722 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 (1 (J 
" 
0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 
360 240 4 56 276 588 336 7(0 420 1 OS 6 540 1501 72Z 1891 930 '; 0 0 0 
0 0 0 c 0 0 (1 0 0 0 0 0 0 0 _. 0 0 0 
0 0 0 c 0 0 0 0 0 0 0 0 0 0 c 0 0 0 
360 2~2 468 276 5P.P. 324 72C 396 912 4BC 127~ 665 0 0 r 0 0 0 ,· 
360 252 4 68 276 576 324 780 40!' 1056 540 1425 703 1860 961 0 0 0 0 
348 240 480 276 SP.8 324 768 40 8 1 068 540 1539 760 2015 1023 [' 0 0 0 
348 240 468 276 576 324 0 0 105 6 540 1501 722 2046 99 2 L• 0 0 0 
0 0 0 0 0 0 0 0 (1 0 0 0 0 0 G 0 0 0 
360 24 0 468 264 588 324 768 408 1 008 516 1340 684 0 0 r, 0 Q 0 
360 252 468 276 600 324 768 408 1 068 540 1387 ?03 0 0 0 0 0 IJ 
0 0 0 0 0 0 0 0 0 c 0 0 0 0 [} (l 0 (l 
0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 
0 0 468 276 576 324 ?56 420 1044 540 1444 741 1922 99 7 2 5 • 2 1302 0 0 
348 228 4 56 276 564 324 708 396 984 540 1406 722 1922 99 2 2 5 ~2 1333 0 0 
360 240 468 276 576 324 73 2 39 6 10?0 54 0 1501 741 1922 961 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 240 456 276 58!' 324 ?56 420 1 032 540 1 ~01 741 2046 1023 26 )7 13(.4 3~19 1734 
360 240 4 56 276 576 374 no 396 1 (1?0 540 14 25 722 1984 99 2 2 6 '~ 1364 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
360 240 468 276 576 324 744 1.0 8 1032 540 1444 722 2015 1023 261! 1364 0 0 
360 240 468 276 576 324 744 ~96 t 044 528 1425 722 0 0 ( 0 0 0 
37 2 240 456 276 576 324 744 408 1 020 540 1425 741 1 984 1023 0 c 0 
360 252 468 276 564 312 75 6 408 1056 55 7 1463 741 1953 99 2 [ 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 ( 0 0 0 
360 240 480 288 576 324 720 396 948 504 1330 684 1798 930 ( 0 0 0 
336 252 468 276 58 8 336 768 408 1068 540 1482 722 1922 961 2 41! 120? 0 0 
360 240 456 276 588 324 ?S 6 408 1 020 552 1463 722 1860 930 t 0 0 .0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 t (1 0 0 
348 252 468 276 576 324 756 408 1020 528 1406 703 1984 992 0 0 0 
231 
TEMP, = 2(( AND S = 16 .1{ 10-3 (CONT.) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1~ 
348 240 468 276 576 324 75 6 40R 10<'0 528 1425 727 1953 99 2 26V 13t 4 3417 1734 
0 0 0 0 0 0 0 0 0 0 0 0 0 (l I r 0 0 
360 240 468 276 {>00 336 732 408 1080 5:'8 1406 703 11\60 93 0 c 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
360 252 468 276 588 324 no 420 1068 5 28 1487 722 2201 1 OS 4 2 7'1) 1426 0 0 
360 252 480 276 588 3?4 792 408 1080 540 1558 HO ?263 108 5 u~! 1457 0 0 
360 264 480 28R 588 336 76P 420 1068 52R 1482 741 19114 10?3 I (' 0 0 
360 240 468 276 588 336 756 408 1 02'0 52'£ 136!~ 684 1984 99 2 257 _-; 1333 0 0 
0 0 0 0 0 0 0 0 (I 0 0 0 0 0 0 0 0 0 
348 240 468 276 564 324 744 396 960 516 1311 665 0 0 I 0 [l 0 
372 252 480 21l8 576 336 756 40 8 1020 528 1482 741 21 08 1023 I 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
0 0 0 (' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
348 240 468 276 588 324 75 6 39;', 1 032 528 1330 646 1860 93 0 I 0 0 0 
372 252 468 276 576 336 780 420 i 080 540 1482 741 1953 961 0 0 0 0 
0 0 480 276 588 324 768 420 106R 552 1520 741 2046 99 2 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
0 0 0 0 0 0 0 0 0 n 0 0 0 0 I 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
360 240 456 276 576 324 744 408 1032. 528 1539 760 1984 99 2 
' 
0 0 0 
348 240 468 288 588 324 756 408 1044 540 1482 741 2077 1023 2 ~6J< 1364 3417 17 85 
348 240 456 276 564 324 744 408 i 020 540 1463 741 1984 992 2 S3 > 1364 0 0 
360 252 480 ?76 600 336 780 408 1 080 552' 1 501 722 1922 930 ) r 0 0 
0 0 0 c 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
372 252 468 288 600 324 768 408 1056 5 28 1501 722 2046 99? 2 ~6 • 1333 (l 0 
0 0 468 276 576 324 768 420 1056 540 1H3 722 19f'4 992 2511 1271 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 c } 0 0 0 
0 0 (' 0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 
372 240 480 276 588 324 768 408 1 068 540 1482 741 2077 1023 ) 0 0 0 
360 252 468 276 588 324 780 408 1OM~ 540 1501 741 2015 99 2 2 ~,; 1364 n 0 
0 D 0 r 0 0 0 n n 0 0 0 0 (1 I 0 0 0 
360 240 480 288 588 324 768 420 1056 540 1482 741 2046 1054 2 '5 I 14?f, 3{. 72' 188 7 
0 0 0 (1 0 0 0 0 0 0 0 0 0 0 l 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 c c 0 0 (1 (l 0 0 0 0 0 0 0 0 
232 
l ') 3 4 5 6 7 8 9 10 11 J2 13 14 15 16 17 18 '-
21.03.1~1. 360 240 480 264 552 ">;12 768 396 1020 52 8 1596 760 2139 1054 3038 151? 3'l27 2040 360 240 4 56 276 576 324 744 372 1044 540 1615 760 2263 1147 3264 1 5 81 4386 2295 
336 240 468 264 588 312 720 372 1056 540 1520 722 2232 1054 2914 1488 4233 2142 
360 n8 468 252 576 324 74 4 396 1 06?. 5 '>M ~ (, 1S20 760 2294 111 6 3264 H32 4131 {091 
372 22/:l 480 264 564 324 75 6 396 1056 5 52 1 5 77 760 22\\1 1116 3038 1519 3774 1938 
360 228 468 264 57 6 312' 744 408 1044 516 15?0 722' 2294 114 7 2 914 1488 40?9 1989 
336 21 6 480 276 576 312 75 6 396 103 2' 528 1558 760 2294 108 5 3162 1 5 30 3978 1989 
360 228 468 276 ~64 324 73 2 38 4 1 020 528 1 539 760 ?263 108 5 3213 1 51'1 41P 2 2091 
360 240 4A8 276 588 324 708 37 7 1020 540 1558 741 2201 1085 3 213 1 5 81 4131 7091 
372 228 1,80 276 588 317 744 39 08l, 516 1520 741 2232 1085 2976 1488 4182 2091 
360 '·68 264 576 ~' 24 696 372 1 nos 5?8 1596 1:'17 2263 1147 2976 1550 4437 U44 
360 228 456 yc--., f. ;) ( 576 3 720 372 1032 528 15 77 741 2'263 1085 3162 15f:1 4080 2142 
348 240 456 264 576 324 720 40 8 1020 528 1 5 01 741 2232 1116 3007 1 ~ 19 4488 2193 
348 228 480 264 600 324 744 39 6 1(120 540 15 77 760 2325 111 6 3 264 I~ 30 4131 2040 
360 228 468 2'76 564 312 756 408 1 03? 516 1558 760 241R 11 1 6 3264 lo 83 ~182 ?142 
360 252 468 264 576 312 75 6 420 1068 540 15{0 741 21 08 1054 3 213 I~ P 1 4029 191\9 
360 240 456 264 576 324 732 396 1 056 540 14 63 741 2170 1085 3264 1• 32 4080 ?091 
348 240 468 264 56 4 312 72 0 396 1020 516 1482 722 21 08 1085 3111 1~ R1 4~ 31 2091 
360 228 444 264 588 324 744 396 1044 540 1558 760 2294 11 16 316? 1 ~ 30 4080 20 91 
360 240 456 264 540 300 732 396 1 0?0 516 1558 741 2294 11 16 3009 1 ~ 30 3<i7E 1938 
0 0 480 264 61 " 348 744 396 1 09? 540 15 39 741 ?263 1085 3060 15: 0 31<76 19il9 0 0 468 264 564 312 768 396 1104 540 15 77 760 2232 1085 3162 15:' 0 4CEO 2 040 
(12.07.1~1. 0 0 0 0 564 312 744 384 1 (156 528 1482 722 2232 1085 3060 1 52 [1 4029 1989 0 0 0 0 600 324 75 6 408 1 080 54 0 1577 760 2356 1147 3162 15t1 3723 1938 
0 0 0 0 576 324 744 396 1 080 540 1596 760 2201 1054 3162 14i9 3P.76 1989 
0 0 0 0 600 32'4 732 38 4 1032 5 28 1615 760 2263 1116 3111 1 ~ r 1 4080 1989 
0 0 0 5 k 324 744 408 1056 516 1558 722 2294 111 6 3009 15:'0 4[180 ?040 
0 0 0 588 324 720 396 1020 504 1 520 722 2356 111 6 30 60 1 ~:' 0 4029 7040 
0 0 0 0 588 312 780 408 1 03? 516 1596 760 2356 1116 3111 15( 1 40 29 H87 
0 0 0 0 600 324 744 408 1056 528 15 77 760 ?294 108 5 3213 1 ~r 1 4131 2 04 0 
0 0 0 0 552 312 744 396 1 05 6 528 15 77 779 2294 1085 3162 16"':2 3978 2091 
0 0 0 0 600 324 744 396 1 068 540 1558 741 23 25 1085 3162 1 ~ [ 1 4029 2 040 
0 0 0 0 564 324 756 396 984 504 1520 741 22 32 105 4 3162' 1 5~ 1 4131 21 93 
0 0 0 0 564 312 744 396 1080 5?R 1615 760 2 201 1085 3111 1530 4H,z 20 91 
0 0 0 0 576 324 768 396 1068 540 1615 760 2108 102 3 3111 1570 3672 1938 
0 0 0 0 576 324 756 396 11'T6 564 1482 722 ?263 11H 3264 15 7 0 4080 2091 
0 0 0 0 58 8 324 720 37 2 1080 540 1539 7?2 ?263 111 6 3315 16' 2 4029 2091 
0 0 0 0 564 312 744 396 1056 504 1558 741 2232 1054 3111 1 ~,:: 0 3927 1887 
0 0 0 0 600 324 744 384 1068 528 1577 741 2263 1054 3111 15?0 !G2 7 1938 
0 0 0 c 576 ~12 756 W6 1032 516 1 570 741 C294 11H 31 62 1 ';{1 4?33 ?091 
37£ 228 4 56 276 588 336 720 396 1 056 54() 1539 703 223? 1085 2 6 35 14.2<.: 40 29 2091 
27.08.1gs1, 336 252 480 276 552 324 720 408 1020 516 1425 703 22 01 1C85 3162 163: 4080 2091 360 252 468 276 5118 324 720 408 984 516 1368 684 2263 1085 3060 1 53r 4131 2 091 
372 240 432 264 552 312 720 408 996 52.8 1520 703 2'201 1085 3264 1 '7"') )~, 4080 2040 
348 240 492 288 564 324 720 384 1032 540 14 82 72'2 7263 1147 3264 1 f>32 4 08 0 ?040 
348 252 480 276 528 324 756 408 996 528 1539 760 2232 111 6 2 883 1 ~ )i 4233 ?1 93 
336 204 456 288 576 336 720 38 4 1032 54(1 1387 684 2?94 111 6 32 64 H 32 3825 1 931' 
324 240 468 288 576 324 696 396 1 020 516 1463 722' 2263 1085 3213 H 32 4131 2040 
360 240 468 288 600 336 756 408 1 o2·o 540 1463 741 2170 1085 2 94~ 1 i 8{ 3978 1<l89 
348 252 468 2!'8 576 324 720 396 1008 528 14 82 722 22 63 111 6 3213 1 ~ 81 4029 2040 
336 240 456 288 576 324 720 39 6 1 008 516 1672 760 2263 111 6 3264 1 ~ 81 3876 1887 
360 240 456 288 5 76 324 768 39 6 1020 516 1520 722 2201 1085 3315 1 I 1>:• 4029 2040 
360 252 43? 264 576 324 720 396 996 516 1444 7 72 7294 1116 3038 1; 8F 4 029 2040 
348 228 4~>6 288 55 2 312 756 408 97? 516 1~20 722 2232 111 6 3213 1 ~ 81 4131 2091 
348 2411 456 276 588 336 708 38 4 1 008 528 1558 741 2232 1085 2945 t; Si 4233 21 93 
336 228 480 288 600 336 732 408 1044 552 1558 741 2263 111 6 3315 t• 81 4029 2040 
336 240 480 2'76 576 324 72'0 396 1008 528 1520 741 22 63 1085 3315 1.<' 8:' 4080 2142 
372 240 480 288 588 348 720 40 8 1 032' 540 1520 741 2139 1054 3 2'13 1J, "':Z 3876 1938 
348 22'8 456 288 576 324 756 408 0 96 516 1520 722 2Z63 1116 3 315 163Z 4080 ?091 
360 228 468 288 56 4 324 732 396 1008 528 1520 7 22 22Q4 111 6 3 213 t5 i?1 4233 ?091 
233 
1 2 3 4 .5 6 7 8 g 10 11 12 13 14 15 16 17 18 
360 216 468 264 600 324 792 408 1102 532 16 72 779 2263 108 5 3315 16~2 4131 ?040 
24.09.1<:£1. 336 228 468 276 600 31'4 780 43 2 1164 540 1634 779 2232 1023 .3 31 ~ 1734 4386 1'244 360 25? £,44 zn 600 31? 79? 408 1140 552 1501 741 2232 1054 3315 1 5 21 4122 2193 
i/'7") 
~I£ 221\ 468 ?76 t\00 3'' '} l (_ 792 396 1128 552 1444 703 ?263 1 OS 5 3315 16 :':2 4386 ?44P 
360 2S (~ I, 80 264 600 3 4 741; 38 4 1104 5 28 1558 741 2263 1054 3111 15 F.1 4386 2244 
36 0 240 468 276 600 312 780 38 4 1128 5 ~ 1 779 2325 108) 32&4 1 530 4386 2142 
372 240 480 28fi 600 324 780 396 1116 540 15 77 760 2.294 11H 3264 1 5 81 397R 2040 
324 228 492 288 576 312 768 401' 1128 55? 1539 798 2263 108 5 3162 1 5 81 4131 2142 
348 228 480 ?64 588 324 780 40 8 1104 528 152[' 6e.4 2263 111 6 3111 1530 4029 ?040 
360 240 4 276 612 336 ?go 432 1 068 552 1615 760 2170 105 4 311, ; 5?ir 4335 ?244 
360 ?28 480 288 600 3Zt. 732 42 0 1140 s~, z 161 5 760 2263 1 OS 4 3 on~ 14 79 4182 2142 
360 240 468 264 600 324 79? 39 6 1152' 552 1577 722 2263 108 5 3 3 )( 163? 4182 { 091 
372 240 480 276 600 336 792 420 1092 528 1558 70 3 2232 111 6 3 3 i~ 1632 4233 2193 
372 240 492 276 576 31? 792 420 1032 516 1520 684 22 32 1116 30 ){ 1 4 79 392 7 1938 
360 240 468 264 600 324 744 384 109 2 540 1444 722 2325 1 ['8 5 3 2 )I '1. 5 81 41'12 2091 
360 228 480 276 61 2 336 792 396 1104 540 1501 760 2294 108 5 3 3 )I 1 581 4335 2193 
360 240 468 264 600 336 792 42 0 1104 540 1425 684 2170 1054 31 ;,; 1 ~ 81 3927 He? 
37i 240 456 264 588 324 804 396 1140 540 1501 741 2294 1116 3417 1632 4o92 234 6 
348 216 4 80 264 588 324 780 .'>;96 1 092 540 15 77 760 2232 105 4 33 p 1 s 81 4131 2 040 
360 ?40 492 276 61 2 324 792 408 1080 528 1520 741 2263 1054 3417 1683 4335 ?244 
324 216 468 252 588 3 24 720 384 1 044 540 1 5 Oi 722 21 08 1054 288.3 '457 '7,774 1836 
J7.ll.EB1. 324 204 456 264 564 312 744 384 1044 528 1482 703 2232 108 5 2945 '457 4080 2 040 
348 216 468 264 576 324 732 396 1 056 540 1615 760 22 63 1085 3007 1?95 3927 2(140 
336 252 456 264 564 312 756 396 1068 5~2 1577 760 2201 1085 3007 1457 3R76 14R9 
324 204 468 276 SR8 312 768 384 1['9? 540 15 77 741 2 542 1178 ZE21 1 426 3R 25 1989 
36 0 2;>8 444 264 576 324 780 396 1 032 528 1577 760 2139 1054 2883 1426 3774 1887 
336 216 !.68 U4 5B8 324 75 6 38 4 101'0 540 1653 779 2263 111 6 2 79C 1 "'IG5 4029 2040 
336 228 456 264 564 312 780 396 1020 5 28 1558 760 22 32 1085 {728 n:r3 3<'27 19R9 
360 22E> 480 264 57 6 312 768 396 1 080 516 1520 722 22'63 108 5 30(;7 1457 39?7 19 38 
360 2 28 468 264 588 336 720 38 4 1 02'0 516 1501 741 2418 11 4 7 2821 1426 4131 2142 
360 216 456 264 600 324 744 384 103:' 516 1558 760 2170 1054 3007 14 57 357G 1887 
360 228 468 264 600 324 768 39 f, 1044 516 1520 741 2232 108~ 2 85? 1426 4029 1089 
360 240 468 252 588 324 756 384 1068 528 1558 741 ?201 108 5 2914 1457 4?P4 2091 
300 228 468 ?76 588 312 744 38 4 1008 504 1520 741 2201 108~ 2914 1457 4233 2091 
336 216 4RO 264 588 312 756 372 1C:08 504 1520 722 2232 111 6 3007 145 7 3927 1887 
360 228 4 80 276 576 324 780 396 1 020 516 1615 741 2232 1054 2 945 14 R8 3G27 1938 
348 204 468 264 552 31 2 73? 38 4 1116 552 15?0 722 2201 1085 3 033 14~7 4080 2040 
360 22R 456 264 576 312 720 396 1 044 528 15 77 741 2170 1054 2852 1 4 57 4131 1989 
348 216 456 264 600 324 744 396 1 044 528 1558 779 2170 1054 297~ 4 42 6 3927 1989 
360 ?4 0 468 264 612 324 732 396 1 08(' 528 1577 741 2170 105 4 28!'3 • 4 ?(, 4182 2040 
372 240 468 264 Sf\9 323 779 418 10f>3 53Z 1615 760 2294 1085 336> 151\1 4080 2193 
348 240 468 264 589 304 779 4P, 1045 513 1672 779 2325 1147 331 ) 15 81 4488 ?44!' 15.12.1981. 360 240 475 266 608 323 798 418 1 083 S13 1634 741 23 56 1147 3 21 .~ 1H3 4233 21 93 
360 240 456 264 608 323 760 418 11 21 53? 1615 760 2418 111 6 32n 15 81 418? 2C91 
372 240 468 264 608 323 779 399 1064 570 1615 741 2449 111 6 33t c. 1632 4 080 2142 
348 228 468 264 58 9 323 798 399 988 513 1634 779 2418 111 6 33. 'i 1632 4131 2091 
336 22R 468 264 589 323 76 0 399 1140 532 1634 779 2356 108 5 33! 1632 4131 2040 
360 240 468 288 589 304 779 399 11C'Z 513 1729 779 23 25 1085 31! 2 15 81 4029 2091 
348 240 456 276 589 342 779 399 1083 551 1615 760 2325 111 6 3 2 )4 1581 3876 19 38 
348 228 480 264 570 323 760 41 8 1121 53? 1634 779 2418 120 9 33 IS 1632 4182 2040 
360 228 4?2 264 608 323 779 418 1092 528 1729 779 2325 111 6 32)4 1) f,1 4182 2193 
360 240 468 240 5 70 323 779 4H 1 09 2' 540 1653 760 2418 11 4 7 3213 15 81 3978 ? 040 
348 240 480 264 51\9 323 779 399 1092 528 1615 741 23 25 1147 3315 16 32 4029 19.36 
360 no 468 264 588 312 798 399 1 08Cl 540 1653 779 2387 111 6 3 21:' 1530 3978 2040 
348 228 4 80 264 600 312 798 418 1068 528 H53 779 2387 11 4 7 336! 16"':2 4131 2('91 
348 228 468 264 576 312 779 399 1080 528 1634 760 2387 114 7 3 21: 15 81 4182 2091 
360 228 480 264 588 324 779 399 1092 540 1710 779 2356 114 7 3 4 1 l 16f~ 4029 2 040 
360 240 480 Z76 600 312 779 380 1104 540 16 72 760 2418 114 7 331) 163( 3978 19~9 
348 228 456 264 58 8 312 760 399 1 08 0 528 1 710 779 ;:'387 114 7 321" 1';81 4233 2040 
348 216 480 264 58 8 300 779 380 1092 528 1672 779 2356 111 6 3 3'•6· , 6~2 4182 ?091 
234 

